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I.  INTRODUCTION 


The  Second  Brazil/U.S.  Workshop  on  Physical  Oceanography  was  held  Sep¬ 
tember  18-21,  1989,  at  the  Institute  Oceanografico,  Universidade  de  Sao  Paulo 
(IOUSP),  Brazil.  It  was  a  followup  to  a  workshop  held  at  the  University  of  New 
Hampshire  in  August  1987,  at  which  5  Brazilian  and  25  U.S.  physical  oceanogra- 
phers  met  to  present  results  of  work  in  the  tropical  and  South  Atlantic  Oceans, 
identify  major  scientific  questions  about  the  physics  of  that  region  of  the  world’s 
oceans,  and  begin  discussions  of  collaborative  research  opportunities  to  address 
those  questions.  By  convening  the  1989  workshop  in  Sao  Paulo,  organizers  were 
successful  in  involving  a  much  larger  segment  of  the  Brazilian  physical  oceano¬ 
graphic  community  (see  Appendix  A  for  a  list  of  registrants). 

During  the  first  two  days  of  the  workshop,  participants  presented  results  of 
collaborative  work  conducted  in  the  interim  between  the  two  workshops.  Ex¬ 
tended  abstracts  of  these  presentations  appear  in  Section  II,  below.  Wednesday 
and  Thursday  were  dedicated  to  discussions  (see  Section  III)  of  strategies  for 
resource  and  data  sharing;  dovetailing  experimental  designs  to  minimize  dupli¬ 
cation  and  maximize  complementarity;  and  developing  joint  research  initiatives. 
On  Friday,  U.S.  participants  toured  the  oceanographic  and  meteorological  lab¬ 
oratories  of  the  Brazilian  Institute  for  Space  Research  at  Sao  Jose  dos  Campos. 
The  full  program  of  workshop  activities  is  detailed  in  Appendix  B. 
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II.  WORKSHOP  ABSTRACTS 

HYMOGRAZSS«  ™ — 

Richard  Limeburner 
Robert  Beardsley 
Woods  Hole  Oceanographic  Institution 

chemical  processes  withinl^W  geological,  and 

interplay  between  shelf  circulation  and  mixing  and  the  “/  comPlex 

.cal  processes  occurring  over  the  Amazon  subaqueous  ddt?*V  t  «eochem; 
water,  sediment,  and  terrigenous  chemirai  9  8  dt'  Vast  Quantities  of 

ov»  the  delta,  'and  Kr0S8  shdf 

lence  on  the  shelf.  As  part  of  AMASSEDS  »  1,  ^  currents  and  turbu- 

pla-s  to  (a)  make  ion?  exponent 

face  drifters  (August,  1989;  February,  June,  1990;  NovembTigg?/?^  T~ 
a  two-element  moored  array  of  current  meters  »nH  •  ,  ’  , (b)  deploy 

June,  1990),  and  (c)  conduct  two  (Februa^ 

ary,  June,  1990).  In  addition,  theoretical  work  ’f.  °f  the  sah,“ty  fr°ut  (Febru- 
models  of  the  regional  tidal  currents  and  the  aL™  Ltf  *°  W  Simple 

ahelf  d„3/PAu'  £ «“T89^  pif  5 Tu  Bra.il 

SEDiment  Study  (AMASSEDS)  During  fK  «U  lc*lsc*P^nary  Amazon  Slielf 
R/V  f«„n,  86  “““  «  «» 

grid  of  seven  cross-shelf  transects  located  between  the  !  *  TL*  samPlln« 
this  time  of  falling  river  outflow  the  ArnJTm  j?  *tor  and  5  N-  During 
low-salinity  plume  over  the  adjacent  shelf,  with^f well^^ formed  a  large 
the  low-salinity  core  of  the  plume  (with  slli’nhylilhant^'1  T ^ ^ 

.ali.it,  «...  Jtb “OB'  <-ith 

center  of  the  salinity  front  the  base  of  ih»  t  .h  il1rle  surface  to  define  the 
isobaths,  while  at  the  surface  the  front  spreadfar  oZom  /nTh^d116  1f_25m 
direction  (see  Figures  la  and  lb).  Between  3°  and  4»N  the  5/^?“ 
surface  had  an  average  inclination  of  1 4  x  10-*  Tht  r  u!  32  /o°  lsohaline 
showed  that  the  most  turbid  water  was  fb.mH  •  l  lhllfht  transmission  data 
tat.  I.  addition,  t »o  f  °f’ lh' ****** 

deployed  in  the  Amaaoa  outflow  between  If  ,j  !  “  £Sd  *ft  5  "  ""J 
northwest  over  the  shelf  at  1  —  9  m  «-i  ,  i  ,  ’taese  drifters  moved 

carried  offshore  and  southeast  in  a  larffP  |U‘!1.about  7°N-  where  both  were 
North  Brazil  Current  retroflection  (see^FiguJeT The^ob  to  88  the 

the  hypothesis  of  Muller-Karger  et  al  (19881  tbJ \  h  observatlons  support 
the  western  tropical  North  A 


References 
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Figures  la  and  lb.  Bottom  and  surface  salinity  from  R/V  Iselin  cruise  18909  during  August  4-10,  1989. 


OCEANIC  TIDES 


Afranio  R.  de  Mesquita 
Joseph  Harari 
Instituto  Oceanogrdfico 
Universtdade  de  Sao  Paulo 

Historically,  the  physics  of  oceanic  tides  start  in  modern  times  with  Sir  Isaac 
Newton  (in  1687  with  the  Principia ),  who  laid  down  the  basic  gravitational  laws 
of  the  tide- generating  potential.  The  long-lasting  succession  of  contributions  on 
tides  sums  up  nearly  three  hundred  years  of  tide  research.  A  lucid  historical 
review  on  oceanic  tides  is  given  by  Cartwright  (1977). 

Tides  are  measured  throughout  the  world  on  all  continents  and  several 
oceanic  islands  via  permanent  tide  stations  on  piers  or  other  fixed  installations. 
About  840  tide  series  are  reported  by  the  Permanent  Service  for  the  Mean  Sea 
Level  (PSMSL)  (Pugh  et  al.,  1988).  Non-permanent  stations  are  also  occupied 
for  tidal  measurements  (one  month  to  one  year  of  hourly  observations).  Pelagic 
station  measurements  are  among  the  non-permanent  series  which  are  helping  to 
further  understanding  of  the  real  oceanic  tides.  Pelagic  and  satellite  altimetry 
measurements  are  envisaged  as  the  fundamental  tools  in  the  effort  to  under¬ 
stand  and  predict  global  oceanic  tides  in  the  near  future.  Such  an  enormous 
task  will  require  the  effort  of  many  individuals  and  scientists  for  several  years 
to  come.  In  Figure  1  are  shown  aspects  of  the  working  area  of  the  PAVASAS 
project  (Amphidromic  Points  and  Seasonal  Variations  of  the  South  Atlantic), 
which  has  been  carried  out  since  1976  with  the  objective  of  contributing  to  that 
effort  along  the  Brazilian  coast. 

To  improve  the  understanding  of  oceanic  tides,  the  physics  of  the  nonlinear 
processes  related  to  the  generation  of  shallow  water  components  needs  to  be 
better  known.  Internal  tides  are  considered  as  one  of  the  possible  processes 
whereby  tides  are  dissipated,  as  energy  goes  from  lower  to  higher  frequency 
tided  bands,  by  advection.  The  amount  of  tidal  energy  absorbed  by  friction  is 
also  a  matter  of  concern.  Estimates  based  on  a  mean  current  speed  over  the  shelf 
areas  and  the  quadratic  law  for  the  friction  term,  in  Laplace’s  tidal  equation  of 
motion,  give  negligible  values  at  the  open  sea,  compared  to  those  estimated  at 
the  shelf  areas.  If  the  advection  terms  for  shelf  waters  and  the  open  sea  area  were 
larger  than  the  frictional  terms  in  the  processes  of  generating  higher  order  tidal 
components,  tidal  energy  dissipation  rates  of  these  terms  would  be  necessarily 
different  from  the  present  estimated  values.  Cartwright  (1977),  reviewing  the 
matter,  identified  a  tidal  energy  “gap”  between  the  work  done  by  the  sun  and  the 
moon  on  the  sea  and  the  amount  of  energy  dissipated  by  the  tides.  Estimates  of 
Lambeck  (1977),  however,  based  on  satellite  observations  and  numerical  models 
found  a  balance,  4.1  ±0.4  x  1012  watts  and  4.5  ±0.5  x  1012  watts,  for  the  forces 
transferred  to  and  dissipated  by  the  oceans.  Whatever  the  real  values  for  the 
balance,  there  remains  doubt  about  the  rates  at  which  ocean  tide  advection  and 
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friction  intervene  in  the  total  budget  of  energy  flow.  Evidence  indicates  that  in 
the  open  ocean  internal  tides  may  absorb  the  tidal  energy;  Figure  2  shows  the 
residual  energy  from  Inverted  Echo-Sounder  data  with  tidal  analysis  centered 
in  the  semidiurnal,  terdiurnal,  fourth  diurnal,  and  sixth  diurnal  bands  (Franco 
et  al.,  1988)  at  Atlantic  equatorial  waters;  that  residual  energy  results  directly 
from  the  generation  of  shallow  water  spectral  bands.  Analysis  of  temperature 
time  series  of  the  same  area  also  indicates  tidal  energy  being  dissipated  at  higher 
order  tidal  harmonics  as  depicted  in  Table  1  (Mesquita  et  al.,  1988).  Spectral 
analysis  of  tidal  data  of  the  southeastern  Brazilian  shelf  shown  in  Figure  3 
suggests  also  the  occurrence  of  higher  order  harmonics  related  to  dissipation  by 
advection.  These  results — interpreted  by  a  perturbation  approach  applied  to 
pelagic  measurements,  the  tidal  equations  of  Laplace,  and  using  a  formulation 
of  Godin  and  Gutierrez  (1986)  for  shallow  water  components  with  even  order — 
tend  to  be  stronger  than  those  of  friction  (odd  order)  on  the  Brazilian  southern 
shelf  area. 

Approaches  by  Gallagher  and  Munk  (1971)  and  Franco  (1988)  on  the  gener¬ 
ation  of  shallow  water  components  from  the  equations  of  motion,  and  the  ones 
which  take  into  consideration  the  bottom  boundary  and  the  tidal  forcing,  are 
among  the  prospects  for  a  continued  progresson  oceanic  tides. 

The  ultimate  goal  of  science,  prediction,  is  well  underway  in  the  present  due 
to  continued  refinements  of  tidal  analyses  for  long  tidal  records.  For  the  South 
Atlantic,  from  nineteen  years  of  hourly  observations,  these  analyses  (Franco  and 
Harari,  1988)  show  new  shallow  water  components  for  the  southeastern  shelf 
area  of  Brazil  increasing  the  predictive  capacity  via  non-parametric  physical 
models.  For  the  southeastern  area,  predictions  for  harbors  of  Cananeia  and 
Ubatuba  are  regularly  made  by  Mesquita  and  Harari  (1988);  for  most  of  the 
remaining  harbors  shown  in  Figure  1,  tide  predictions  are  published  by  DHN 
(Diretoria  de  Hidrografia  e  Navega^ao)  of  the  Brazilian  Navy. 

Tide  predictions  by  numerical  models  on  a  global  scale  have  greatly  improved 
(Schwiderski,  1980),  but  close  to  the  coast  where  dissipation  is  more  effective, 
such  models  differ  a  lot.  For  the  southeast  coast  of  Brazil,  pelagic  data  (Fig. 
1)  has  been  successfully  used  for  the  prediction  of  currents  and  tidal  heights, 
as  shown  in  Figure  4  (Harari,  1985).  Further  work  aims  also  at  reproducing 
such  predictions  via  numerical  models  for  all  coastal  areas  around  Brazil,  where 
pelagic  and  coastal  data  are  available  as  depicted  in  Figure  1. 
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Table  1.  Maximum  entropy  spectral  periods  of  temperature  “mean”  series  of 
equatonal  layer  of  60  to  110  m,  (35‘W;  2"N)  compared  w!t£  the  spec 
l  8um“"y  °f  four  original  temperature  series  of  the  same  layer  The 
columns  4/4  and  3/4  indicate  the  number  of  occurrences  of  a  spectral  De¬ 
nod  in  four  possibilities.  The  column  “difference”  shows  how  dTfferen  Z 
period  estimates  of  the  two  methods  are.  <Wlerent  the 
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MIXING  IN  THE  AMAZON  PLUME: 

SOME  EARLY  RESULTS  OF  AMASSEDS 

Wayne  Geyer 

Woods  Hole  Oceanographic  Institution 

One  of  the  principal  objectives  of  the  AMASSEDS  Program  is  to  examine 
the  mechanisms  of  mixing  between  the  fresh  waters  of  the  Amazon  plume  and 

Water  °n  the  north  Brazilian  continental  shelf.  While  the  major 
held  effort  directed  at  this  problem  will  occur  during  1990,  the  results  of  the 
August,  1989  cruise  provide  some  insight  into  the  exchange  processes. 

Using  the  equation  for  salt  conservation  following  the  plume  from  the  river 
mouth,  the  increase  in  salinity  of  the  brackish  layer  can  be  related  to  the  en¬ 
trainment  across  the  pycnocline 


,  dSx 

w  = 


‘wup{S2  —  S\) 


where  and  Aj  are  the  velocity  and  thickness  of  the  upper  layer,  Si  and  S2  are 
the  salinities  in  the  upper  and  lower  layers,  and  wup  is  the  upward  entrainment 
across  the  interface.  The  entrainment  rate  is  directly  related  to  the  buoyancy 


B  =  gwup(p2  -  Pl)  =  0gwup(S2  -  Si)  , 

where  P  is  the  proportionality  factor  between  salinity  and  density.  The  salinity 
gradient  and  velocity  can  then  be  used  to  obtain  a  direct  estimate  of  buoyancy 


B  = 


OX 


The  buoyancy  flux  is  related  to  the  total  production  of  turbulent  kinetic 
energy  via  the  flux  Richardson  number 


Rf  = 


B 


rdu/dz 


Experiments  and  field  observations  have  indicated  that  Rf  is  less  than  10-2 
for  boundary  layer  flows  (Hearn,  1984),  and  it  has  a  maximum  value  of  approx¬ 
imately  0.15  m  the  case  of  shear-induced  mixing  in  the  ocean  (Osborn,  1980) 
Using  the  maximum  value  of  0.15,  a  lower  bound  on  the  turbulent  energy  pro-’ 
auction  can  be  determined  for  a  given  buoyancy  flux.  This  in  turn  can  be  used 
o  constrain  the  value  of  the  interfacial  stress,  providing  some  insight  into  the 
plume  dynamics.  The  limitations  of  this  approach  are  1)  that  the  velocity  and 
salinity  distributions  can  be  approximated  by  two  layers,  and  2)  that  the  salt 

flux  into  the  plume  is  accomplished  due  to  vertical  entrainment  rather  than 
horizontal  mixing. 
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Two  ARGOS-tracked  drifters,  drogued  between  2.5  and  7.5  m  depth,  were 
released  near  the  mouth  of  the  Amazon  River  at  the  beginning  of  a  hydrographic 
survey  conducted  during  the  period  of  3-10  August,  1989  (see  Limeburner  and 
Beardsley,  this  volume).  While  the  drifters  did  not  measure  salinity,  the  hy¬ 
drographic  survey  provides  an  indication  of  the  variation  of  salinity  along  their 
trajectories,  from  which  the  salinity  gradient  could  be  estimated.  The  drifters 
lagged  the  shipboard  measurements  by  1-3  days,  so  there  may  have  been  some 
temporal  variation  in  the  salinity  structure,  but  the  general  characteristics  of 
the  salinity  variation  along  the  drifter  tracks  should  be  reasonably  well  repre¬ 
sented.  The  hydrographic  data  did  not  show  a  clear  two-layer  structure;  the 
region  above  the  pycnocline  tended  to  have  continuous  stratification.  However, 
the  strong  halocline  could  be  used  to  distinguish  the  upper  and  lower  portions 
of  the  water  column  and  so  to  apply  the  above  salt  balance  relationship. 

Drifter  1,  which  was  released  in  the  freshwater  plume,  showed  a  rapid  in¬ 
crease  in  salinity  over  the  first  70  km  of  its  trajectory,  increasing  from  0  to 
20°/oo-  Drifter  2,  released  to  the  SE  of  the  river  mouth,  decreased  in  salinity 
from  30  to  20°/ 00  as  it  approached  the  latitude  of  the  north  channel,  after  which 
it  increased  slightly  to  22°/00.  The  variation  in  salinity  of  drifter  2  is  likely  the 
result  of  transverse  convergence  of  Amazon  plume  water  and  north  Brazilian 
shelf  water,  and  it  does  not  indicate  energetic  mixing  in  that  portion  of  the 
plume.  However,  the  variation  in  salinity  of  drifter  1  is  roughly  consistent  with 
the  vertical  entrainment  model  proposed  above,  and  an  estimate  of  the  buoy¬ 
ancy  flux  can  be  obtained  from  the  salinity  data  and  the  velocity  of  the  drifter. 
Based  on  the  above  equation  for  B,  the  buoyancy  flux  for  the  first  70  km  of 
the  drifter’s  trajectory  is  1.2-2.4  x  lO"5  m2  s"3.  By  comparison,  the  buoyancy 
flux  associated  with  net  heating  in  this  region  is  nearly  3  orders  of  magnitude 
smaller.  The  mechanism  by  which  this  large  buoyancy  flux  is  accomplished  ap¬ 
pears  not  to  be  the  direct  result  of  bottom-generated  turbulence,  since  it  is  too 
inefficient  at  converting  kinetic  to  potential  energy  to  account  for  the  volume  of 
entrainment  that  is  accomplished  in  this  region.  Rather,  it  appears  that  shear- 
induced  mixing  within  the  pycnocline  supplies  the  energy  for  mixing,  since  it 
can  convert  as  much  as  15%  of  the  turbulent  kinetic  energy  to  buoyancy  flux. 

While  the  conclusions  of  this  preliminary  study  are  very  tentative,  the  more 
detailed  study  to  occur  in  the  frontal  zone  in  1990  should  provide  the  required 
resolution  of  the  velocity  and  density  variations  to  specify  the  mechanisms  of 
mixing  between  fresh  and  salt  water  and  their  influence  on  the  distribution  of 
sediment  in  the  dispersal  system. 
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ON  THE  VARIABILITY  OF  THE  MEAN  SEA  LEVEL  ON 
COASTAL  AREAS 

Joseph  Harari 

Afranio  Rubens  de  Mesquita 
Instituto  Oceanogrdfico 
Universidade  de  Sao  Paulo 

•r-  ?—,<»?•  ■>  -i-"  I’TSiSTSS 

senes  of  currents,  temperature,  and  salinitv  tin*  mL 

levels  from  Piraquera  (Ilha  Grande  Bay),  Ubatuba,  Santos  and6  clnTnSTfFig 
2,  Franco  and  Mesquita,  1986)  have  a  similar  variation  and  show  four  peaks 
during  the  year:  in  February,  April-May,  August,  and  November.  The  February 
peak  is  strongly  related  to  the  seasonal  solar  heating  while  that  of  Anril  M 
apparently  caused  by  the  action  of  the  winds 

against  the  coast  in  this  epoch  of  the  year.  The  secondary  peaks  of  August  Ld 

that'show  ar?PParei!tly  more  associated  with  the  large  sc L  oceanic  Sattons 
hat  show  a  strong  interannual  variability.  The  seasonal  mean  sea  level  varia 
ion  on  the  southeastern  coast  is  similar  to  the  ports  of  Recife  Salvador 
Imbituba.  The  monthly  sea  levels  of  the  northern  coast  seem  to  have  a  different 
seasonal  behavior  from  those  of  the  southeastern  coast  (Fig.  3;  Mesquita  et  T, 

The  long-term  sea  level  trend  seems  to  show  an  accentuated  increase  in 
the  more  recent  years,  as  pointed  out  by  Barnett  (1983).  The  mean  value  of 
the  secular  variation  calculated  for  the  southeastern  coas  of  Brazil  is  alout  30 

lZi7TV!t\"  baCkgrOUnd  °f  the  °rder  of  10  -/century,  from  the  vacation 
along  the  South  American  coasts  and  the  Atlantic  coast  of  Africa 

A  formal  relationship  seems  to  occur  between  the  length  of  the  series  and  C 

(its  regression  coefficient  against  the  time),  indicating  that  the  negatively  and 

positively  trended  series  of  the  relative  mean  sea  level  (rmsl)  are  varyffig  in  an 

almost  corresponding  way  so  as  to  compensate  for  the  extreme  negative  Jd 
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c  of  10  cm/?entu?y(Flg'  pr°ducing  a  smal1  overall  mean  global  variation  in 

thed^dt"  ,the  corre,ation  coeffident  - 

species  of  trended  series  may  be  increasing" the  “Tati  of  *ndicating  that  both 
already  pomted  out  (Fig.  5;  Mesquita  and  Leit  "  198?)  “  ”***'  ^  38 

References 

Tr,mi“'°n  °fglofcal  «*  level 
Administration,  U.S.  Department  ot'co™.,*  .“""p',  Atoospherir 

""Tint  o?the' “l,A«Ra  tS'ZiTj'  P*-  «  -  dailp 

1986.  '■  ,n"  ffV*e5repJ,e  iOT/(2)  ,jj.u  ' 

lie  B,»iia^ttd' LH"„“L°“n  S-?T  me. alone 
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Figure  3.  Mean  monthly  values  of  mean  sea  level  (cm),  air  temperature,  sea 
temperature  (°C),  atmospheric  pressure  (mb),  precipitation  and  evapora¬ 
tion  (mm)— from  1953  to  1962— at  Belem,  Recife,  Salvador  and  Imbituba. 
S  is  the  difference  between  the  “Fourier  fit”  and  the  data.  (After  Mesauita 
et  al.,  1986.) 


Figure  4.  Values  of  the  regression  coefficients  C  plotted  against  the  length  of 
the  series  for  ports  of  Brasil,  Atlantic,  Pacific  and  Africa.  Lines  joining 
the  points  are  hypothetical,  indicating  that  the  relative  mean  sea  levels  of 
the  above  ports  way  follow  an  expression  as  L  =  N  ezp[-(C  -  10)2/a], 
where  N  is  the  maximum  number  of  years  of  the  chosen  line,  10  cm/cy 
is  the  approximate  value  of  the  global  rmsl,  a  is  a  constant,  and  L  is  the 
length  of  the  series  with  trend  C.  (After  Mesquita  and  Leite,  1986.) 


21 


Figure  5.  Value  of  C  re 

Values  of  m  ;:rj°  “***  the  *"<»  baTfst^  77  "*■  "»■ 
values  were  called  fro  '?  ten  c,asses  from  J“  Tj  T”08  *)• 
The  dashed  line  may  beTii^-  ^"“Ponding  values  of  r  f“d  then  W 

^ere  a  »  a  coJS  {iSr? the  ^  1*  *  !"*  ^ 

efficient  above  defined  Po^b  “0ther  Want,  and  ‘  ^  J,  ~ 
negative  values  of  C  i  r  *®h  m  values  corresDonrl  h'  u  °rre  a^on 
1986.)  °f  C’  whlle  frrm  =  0,  C  =  0  SS  lgh  positive  and 

>  »•  (After  Mesquita  and  Leite, 
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NEAR  EQUATORIAl  eddies  orr  souTH  america 

John  G.  Bruce 
■S.  Naval  Oceanographic  Office 

°f  »■*  « 

Considerable  variability,  particularly  tea*  if  mUan«  of  several  water  types 
ayers  the  North  Brazilian  Current  (NBctflow  *  here'  In  the  surface 
he  southern  hemisphere  and  is  observed  to  JS  northwest  along  the  coast  from 
the  southern  branch  of  the  North  Equatorial  r  Pa*J  offshore-  combine  with 
and  eastward  into  the  North  Equatorial  Colter  T*  (N?C)’  ^  loop  south 
The  near-synoptic  airhnm.  !  , ,  unter  Current  (NECC). 

t^ir  al.  0ceano«^Phic  Officr”NlvOCEANoTm°fbaPh  (AXBT)  surveys 

to  estimate  the  eddy-like  circulation  patterns  }  ?  th'S  re«ion  can  be  used 
extremes  (March  and  September)  both  in  the  ^  ^  during  the  seasonal 
and  the  layer  in  the  lower  thermocline  w W  , a T*  "T* ^  (retro^tion) 
the  northern  (5°N-10°N)  and  southern  (2»N  Fecirculatio“  occurs  in 

earlier  surveys  in  this  region  altho.^H  „  *  5  eddles  off  tbe  coast.  Other 

eddy  field,  allow  estimates  of  volume  tSrtnnspornteCe8Sanly  designed  to  study  the 

calculated  An  example  being  that  during^r?3001*^  LWith  the  eddies  to  be 
ransport  (0-400  dbar,  rel.  800  dbar)  is  10  to  14  the  northern  eddy 

,hom  j  undr:s 

Oz  minimum  and  maximum  sources  are  us^fnl  f  he  northern  eddy.  Both 
^ ttC  ^  ^ 
fT  w?E  S°Uth  America  b^opp^ettr  PTm  ^  ^  regioD  off  the 

fall  When  the  ITCZ  is  nearly  ahgned  DOrthem  sPri*g  and 

from ,nelystron*  ashore  NE  wind  dominates <h?”,g  Sprin«'  the 

estim  t  yD  Cm  neM  t*le  e<luator  to  over  2  0  dvn  c^ W'°d  stress  values 
estimates  were  made  from  Hastens  4  r  ,  m  near  6°N-7°N.  (Here 

were  determined  by  Hellerman,  “V*  Slight,y  lower  valu^ 

fall,  however  the  ITCZ  reaches  about  8«N-!S«Noff^  ti0ns)-  By  nort^n 
here  are  <  0.5  dyn  cm^  and  have  an  alongsh  j!  ?  COaat’  Md  ,OCal  wind« 
Surface  currents  from  historical  g  comPonent  to  the  NW. 
northwestward  component  throughout  the  H  °'  571  indicate  a  strong 

edge.  The  strongest  flow  occurs  during  August  oTh^  alon*  the  shelf 

100 " ’  °'-5‘N- A 
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is  found  during  northern  spring.  Inshore  of  the  shelf  edge  in  the  region  of  the 
Amazon  basin  measurements  by  Gibbs  (1982)  indicate  a  considerable  onshore 
tidal  component  coupled  with  the  alongshore  flow 

Past  surveys  (Ryther  et  al.,  1967;  Metcalf,  1968;  Cochrane,  1969,  1975- 
Bruce,  1984,  Bruce  et  al.,  1984),  particularly  two  airborne  AXBT  studies  dur- 
ing  March  and  September  1983,  indicate  that  this  strong  coastal  current,  the 
North  Brazilian  Current  (NBC),  is  associated  with  a  large  eddy  region  which 
extends  from  approximately  2°N  to  ll'N  off  the  NE  South  American  coast 
Although  the  circulation  pattern  of  the  eddies  appears  to  be  relatively  com- 

fiohi nln 1 07m  °f  thC  1S°LthermS  at  depths  within  the  main  thermocline 
(Robinson  et  al  1979)  suggest  that  off  the  coast  two  semi-permanent,  anticy- 

tlTth  I  ZZ  !reI0rmed-  The  feature  (sometimes  referred 

to  as  the  Amazon  eddy)  tends  to  be  formed  off  the  shelf  between  2°N-6°N  by 

a  branch  of  the  NBC  (particularly  the  subsurface  portion)  turning  eastward 
shore  near  the  Amazon  Cone.  Another  eddy  to  the  north  (6°N-11°N)  often 
(but  not  always)  turns  offshore  near  the  Demarara  Rise  (off  Surinam).  A  major 
portion  of  this  eddy  appears  to  be  composed  of  mixed  layer  and  upper  ther- 
moclrne  water,  and  its  circulation  generally  does  not  penetrate  as  deeply  as  the 
southern  eddy.  Both  eddies  seem  larger  (-400  km  across),  deeper,  and  have  a 
greater  volume  transport  during  August-October. 

The  20°C  isotherm  lies  about  in  mid-thermocline  (Bruce,  1984)  and  mans 

CEANOAXBT  “  (March  and  September  1983,  NAV<5- 

CEANO  AXBT  surveys)  indicate  the  approximate  general  circulation  pattern 

of  the  anticyclonic  features.  The  surface  and  mixed  layer  (-upper  125m)ofthe 
northern  eddy,  however,  tends  to  turn  offshore,  loop  around  to  the  south  and 
then  turn  eastward  as  a  source  of  the  North  Equatorial  Countercurrent  (NECC) 
during  late  summer-early  fall.  This  pattern  is  illustrated  by  maps  of  the  tem- 

f  Ute,a  100  m  d*pth  (F!«-  !)•  Below  ^is  layer  (>125  m),  however,  the  eddy 
flow  tends  to  recirculate,  being  somewhat  more  contained,  as  suggested  by  maps 
of  temperature  at  200  m  depth  (Fig.  2). 

oorSn  5rt?VS»Se811  AmaZOn  outflow  water  advected  north  by  the  nearshore 

water  ofle  north  “T  “  af1eXcellent  tracer  the  fall  for  the  surface 

water  of  the  northern  eddy  as  it  loops  around  and  enters  the  NECC.  A  map  of 

;*“**""  th*  Allminos  ««  survey  combined  with  a  1983  NORDA 

rattern  The  Tu  *ime  °f  year  (July>  clearly  3hows  the  flow 

pattern.  The  1983  data  were  used  because  the  fall  1983  NAVOCEANO  temper- 

Sr  40  fi]  Wdj  Wkith  th0Se  °f  the  1964  -aps  of  temperature 

at  mixed-  ayer  and  mid-thermocline  depths.  In  the  A/am.WNORDA  map 

the  low  salimty  water  is  seen  to  be  advected  clockwise  around  the  northern  and 
eastern  edge  of  the  northern  eddy.  It  is  then  carried  eastward  (with  surface 
salinity  <  32  /00  near  5°N  to  7°N)  in  the  strong  NECC. 

Although  the  northern  eddy  is  observed  during  the  spring,  the  strong  onshore 
wind  forcing  from  the  NE  trades  prevents  the  fresh  water  from  being  Advected 
very  far  offshore.  A  certain  portion,  however,  is  observed  in  the  northern  edge  of 
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^ow°tthern  m  4  ^ay  1983  0ceanus  section  extending  meridionally  along 
52  w  through  he  northern  eddy  (Fig.  4).  The  surface  geopotential  anomaly 
and  salinity  plotted  together  clearly  show  the  fresh  band  of  Amazon  origin  wa- 
er  m  the  west-going  coastal  flow.  Then,  on  the  northern  side  of  the  eddy 
(where  the  geopotentiai  is  strongly  decreasing  northward),  the  surface  salinity 
is  also -  relatively  fresh  in  this  eastward  flow.  Thus,  even  during  spring  condi¬ 
tions,  the  northern  eddy  apparently  influences  somewhat  the  seaward  dispersion 
o  Amazon-type  water.  The  CZCS  imagery  clearly  shows  the  retroflecting  loop 
during  fall  but  also  suggests  faintly  that  a  portion  of  the  surface  water  is  ad- 
vected  around  by  the  northern  eddy  during  spring.  While  Amazon  origin  water 
can  be  carried  eastward  in  the  northern  eddy,  still  an  amount  is  forced  north- 

S  Jr!'AUgUS1t  1969  °bservations  ^  surface  salinity  (Mazeika, 

197f  ‘  DtU!mg  the  hjydr°graphlC  survey  at  that  time>  five  research  vessels  on 
anchor  station  recorded  surface  salinity.  All  observed  lower  (<  35%o)  val 

ues  particularly  the  Discoverer  it  13°08’N,  53°51’W,  which  recorded  salinities 

b litJ In  f  cons'derable  high  frequency  (hours)  variability,  this  position 
being  1500  km  from  the  Amazon  delta. 

The  geostrophic  volume  transport  values  during  late  summer-fall  ( Alaminos 

the  iS  lg'  }  1Dtthe,UPPe"°_150rn  layer  tend  to  be  l«ge  compared  to 
he  150-400m  transport  values.  On  the  coastal  side  of  the  northern  eddy,  the 

n  ^  S'*  3a-F°,rt  aTmtS  t0  20  X  106  m3  8_1-  Xt  would  that  about 
lx  10  m  s  looped  around  eastward  and  then  flowed  southward  (this 

water  has  essentially  the  same  T-S  characteristics  as  that  on  the  western  side 
of  the  eddy)  leaving  about  9  x  106  m3  s"1  to  continue  northwestward  along 
the  coast.  (This  splitting  of  the  coastal  current  can  be  observed  clearly  in  the 
CZCS  imagery.)  On  the  eastern  boundary  of  the  eddy  there  appears  to  be  a 
converging  flow  with  the  North  Equatorial  Current  (NEC),  which  loops  around 
yclonically  (counterclockwise)  and  merges  with  the  flow  of  the  northern  eddy 

fromCtZ  NFP  TTl!?  21  X  L10  ^  S_1-  Farther  to  the  east.  additional  flow 
3  tb  ^EC  “d  ^  the  southern  eddy  reaches  transport  values  of  28  x  10® 
m  s  However,  recirculation  back  into  the  NEC  and  southern  eddy  then 
reduces  the  eastward  transport  into  the  NECC  to  14  x  106  m3  s"1  near  37°  W. 

Volume  transport  values  during  late  winter-spring  (Crawford,  1968  survey 
Fig.  6)  are  lower  than  those  during  fall  (order  20  to  50%),  although  seasonal 
comparison  with  the  few  existing  sets  of  observations  is  tenuous  at  best  due  to 
the  considerable  short-term  variability  which  can  occur  within  this  eddy  region 
Maps  of  geopotential  anomaly  of  200  dbar  relative  to  800  dbar  for  both 
Alamtnos  1964  and  Crawford  1968  surveys  (Fig.  7)  suggest  that  below  the  mixed 
layer  a  considerable  amount  of  water  from  the  NBC  turns  offshore  into  the 
southern  eddy.  Maps  of  dissolved  oxygen  at  200  m  and  400  m  also  show  that 
much  of  this  lower  layer,  with  higher  02  values  in  the  NBC  from  the  southern 
hemisphere,  is  mixed  into  the  southern  eddy,  some  of  which  flows  eastward  in 
the  Equatorial  Undercurrent  (EUC). 

The  pattern  of  mixing  southward  of  the  NEC  where  a  branch  converges 
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ith  the  eastern  edge  of  the  northern  eddy  is  seen  by  maps  of  salinity  at  100 
m  depth  (using  the  subtropical  underwater  salinity  maximum  to  help  trace  the 

flow).  Also,  the  02  minimum  water  advected  westward  by  the  NEC  is  useful  as 
a  tracer. 

Although  considerable  variability  occurs  in  the  structure  of  the  northern 
.a,nd  *?,Uthern  edd‘f.  bjoth  anally  and  interannually,  a  number  of  surveys  in 
the  eddy  region  all  indicate  that  these  features  tend  to  be  semi-permanent  In 

M  ’,?AV?CEtN0  AXBT  SUtVeJ,S’ the  19«  »d  ‘hat 

Auv  lQ7frif1968T  therf±Ve  been  BraZlhan  studies:  Almirante  Saldanha,  Jul- 
tZ  ’  May-June  and  Silva,  1958.  There  have  also  been  cruises  by 
the  Netherlands  during  fall  1970  and  spring  1971  on  H.R.M.S.  Luymes. 
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CEANO,  13-20  September  1983.  Isotherm  contours  indicate  approximate 
circulation  pattern  for  upper  layer,  with  flow  diverging  from  coast  and 
looping  clockwise  to  eastward  and  then  south. 


TEMPERATURE.  «C  AT  200m  DEPTH 
13-20  SEPT  1983 

NAVOCEANO  AXBT  STATIONS 


_J _ Figure  2.  Temperature,  °C,  at  200  m  depth  from  AXBT  survey  by  NAVO- 

55*W  CEANO,  13-20  September  1983.  Circulation  pattern  for  lower  layer  (below 

mid-thermocline  depths)  is  approximated  by  isotherm  contours  showing 
considerable  recirculation  within  eddy  structure. 
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Figure  4.  Geopotential  anomaly,  10m2  s  2,  and  surface  salinity,  §/p0,  from  Oceanus ,  May  1983  section  along  52°W,  through 
northern  eddy. 


Figure  5.  Geopotential  anomaly,  10  m2  a~ 2 , 0/800  dbar,  Alaminoa,  31  July-10  September  1964.  Volume  transport,  10' 
(brackets),  0-150  dbar  (upper  value),  and  150-400  dbar  (lower  value). 


SANDSTREAM  ON  THE  NORTHEAST  BRAZILIAN  SHELF 

Marcio  L.  Vianna 
Reynaldo  Solewicz 
Alexandre  P.  Cabral 
Institute)  de  Pesquisas  Espaciais 

Preliminary  characterization  of  transport  on  t.ho  n 

mRCr^  bf  ^  P°°ur  y  ??WD  Unidirectional  N"th  Brazil  Coastal  Current 
(  BCC)  system,  which  includes  the  onshelf  wind-driven  current 

My» » <™>  «*“  K-e  revealed  .L Z1Z- 
stream  can  be  divided  into  three  distinct  zones:  (a)  an  inner  zone  dominate 

by  sediment  resuspension,  caused  by  wave-driven  turbulence;  (b)  an  interme¬ 
diate  zone  dominated  by  longitudinal  bedforms;  (c)  an  outer  zone  dominated 

cL7ge~SCa  C  ?TrSe,  bedforms-  Umited  by  shore-parallel  sandridges  adia- 
the  out?  anCle?SL  e)at  20  m  depth‘  tensive  field  work  was  done  on 
c?erthat?heeiar?  SrUfl  iPr0filiDg  “d  SUrficial  aa&oaA  samP^g  indi- 

Stoss  sides  which  ,s  indicative  of  active  bedload  transport.  Two  lee  faces  and 

term/0?  ^  .Studles  ,n  s,tu-  Lee  sloPe  angle  maxima  around  30°  were  de¬ 
termined  with  an  inclinometer,  and  the  faces  were  both  of  avalanche  type  Flow 

separatum  was  observed  as  movements  of  suspended  algae,  which  were  slollv 
th  r  obs^/  °UghS’  ,m;h!  °PPOSite  direCti°n  relative  to  the  ^rface  flow  Fur 

-a  r^“ 

crossing  the  field  of  longitudinal  features  in  the  intermediate  zone  seen  on  the 

™'SoutUtPhe°?t  the;nterPrtatiOD  that  the  features  “e  current-generated 
beach  Sg?  mterpretation  that  th«y  ■»  ^cient  transgressive 


34 


SATELLITE  OBSERVATIONS  OF  THE  NBC  RETROFLECTION 
AND  AMAZON  WATER  DISPERSAL 

Frank  E.  Muller-Karger 
University  of  South  Florida 

wTime  IT3  (1979;^86)  of  Coastal  z°ne  Color  Scanner  (CZCS)  images  of  the 
Western  Atlantic  and  Canbbean  Sea  were  examined  to  determine  the  disper¬ 
sal  pattern  of  the  Amazon  and  Orinoco  River  discharge.  The  imagery  revealed 
that  between  June  and  January  the  discharge  of  the  Amazon  is  carried  around 
a  retroflection  of  the  North  Brazil  Current  (NBC)  into  the  North  Equatorial 
Countercurrent  (NECC)  (Muller-Karger  et  al.,  1988).  The  low  salinities  ob- 

h!oSIOd  m  the  f“tern  Caribbean  as  far  north  as  Puerto  Rico 
(ftoehch  et  al  1978)  are  caused  by  the  dispersal  of  the  Orinoco,  rather  than 

in  tht  NECC  fb!  ''f Mger  e\a'"  ‘nprtSs)-  Amazon  water  first  goes  eastward 
m  the  NECC,  ‘ben  returns  westward  in  the  North  Equatorial  Current,  although 

"*£  !' :lCa'  AT,°n  WatCT  dischar8ed  during  this  period  may  drift 
for  a  few  months  to  a  year  before  potentially  reaching  the  Caribbean 

From  about  February  to  May,  the  NECC  west  of  20°W  reverses,  the  counter- 
current  and  retroflection  weaken  or  vanish,  and  the  Amazon  water  drifts  north- 

TnTem The  C  Kb6  ^  ^  time  °fyear'  River  water 

enters  the  Caribbean  more  directly  and  on  a  time  scale  of  a  month.  However 

Louth  oT iSmT  ?nT°  WatT  tCnd  t0  remain  in  the  sou‘hem  Caribbean 

fmced  h  t  }  !  / ,afge;  1DfluX  °f  DOrth  At*antic  water  into  the  Caribbean 

forced  by  stronger  trade  winds. 

nortWt^fTh41?10118  °.f  Phyt°plankton  often  observed  far  offshore  to  the 
northeast  of  the  Amazon  s  mouth  are  associated  with  the  Amazon’s  plume 

These  high  standing  crops  are  produced  initially  by  the  nutrient  supply  in  the 
Amazon  River  water  and  upwelling  shoreward  of  the  NBC  retroflection  They 

tTo/The^ reCyCHng  aDd  8l°Wly  ,OSt  bX  Amenta 
n.  The  higher  phytoplankton  densities  in  the  dispersed  plume  probably  are 

the  cause  for  a  greater  particulate  flux  from  the  surface  layer  of  the  tropical 

Atlantic  compared  to  the  tropical  Pacific  (see  Deuser  et  al.,  1988)  We  exDect  a 

flux  at  depth  (>3000  m)  showing  a  better-defined  annual  cycle. 
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A  multidisciplinary  study  OF  THP 

SHELF 

Marcio  L.  Vianna 

Laboratorio  de  Pesquisas  Atmosfericas  e  Oceanicas 
Instituto  de  Pesquisas  Espaciais 

“de  shal,ow  N-NE  contineatal  ** 
the  Amazon  ha ^  ^  mOUth  °f 

and  the  unidirectional  North  Brazil  Coastal  Current  (NBCC!  svt^ 
operated  on  a  transgressive  sealevel  trend  Due  to  th*  J,00)  8ystem’  whlch 

•  Survey  Work: 

1.  mapping  and  classification  of  topographic  and  ecosystem  structures 
y  use  of  satellite-image-assisted  field  work,  which  includes  sediment 
sampling  and  diver  observations,  especially  of  sediment  transport- 
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2.  determination  of  “sub-grid”  effects  of  bedforms  on  meso-scale  ocean 
circulation; 

3.  analysis  of  bi-annual  time-series  of  oceanographic  variables  obtained 
from  moorings; 

4.  multi-satellite,  multi-temporal  image  analysis  to  estimate  advective 
velocities  and  wave  parameters  to  be  correlated  with  field  measure- 
ments  obtained  from  moorings. 

•  Math  Modelling : 

1.  development  of  a  new  generation  of  circulation  models  using  bound¬ 
ary  elements  which  includes  the  influence  of  kilometer-scale  topogra- 
phy  on  meso-  scale  circulation; 

2.  development  of  morphogenetic  models  (incorporating  bottom  sedi¬ 
ment  transport)  which  are  capable  of  predicting  bathymetric  time- 
senes. 


**  ™°llowing  institutions  are  already  participating  on  the  pro 

posal:  INPE,  PETROBRAS,  UFF,  FUNCEME,  LABOMAR/UFCe.  ? 

The  feasibility  of  such  a  program  has  been  tested  during  the  last  two  years 
and  preliminary  reports  on  first  results  both  on  survey  work  and  boundary 
element  modelling  are  being  presented  in  this  workshop. 


THE  EQUATORIAL  ATLANTIC  CIRCULATION  ACCORDING 

TO  THE  CME 

Manuel  Fiadeiro 

National  Center  for  Atmospheric  Research 

Numerical  models  provide  a  wealth  of  detail  and  information  that  we  cannot 
hope  to  match  with  observations.  As  such,  they  provide  a  framework  to  interpret 
data,  plan  cruises,  and  interpolate  between  observations-providing  the  model 
simulates  reasonably  well  the  actual  conditions. 

The  community  model  experiment  (CME)  uses  the  GFDL  primitive  equa¬ 
tion  model  of  Bryan  and  Cox  forced  by  monthly  winds  (from  Hallerman  and 

aTi  61?-’  1^’  Tface  heat  fluxes  and  surface  salinities  in  a  domain  covering 
the  Atlantic  Ocean  from  15°S  to  65°  N.  The  vertical  resolution  ranges  from  35 
m  at  the  top  layer  to  250  m  at  1000  m  and  below.  Frank  Bryan  ran  a  25-year 
experiment  at  3  resolution  last  year,  and  this  year  he  and  I  ran  a  40-year  ex¬ 
periment  at  1°  resolution.  I  will  present  some  of  the  results  of  these  simulations 

focusing  on  the  characteristics  of  the  north  equatorial  circulation  off  the  coast 
ot  Brazil. 


The  model  simulates  well  the  gross  features  of  circulation,  including  the 
retroflection  of  the  NECC  during  the  summer  and  fall  months.  The  most  sig¬ 
nificant  aspects  of  the  circulation,  according  to  the  model,  are: 

•  During  the  winter  months,  from  January  to  May,  the  surface  flow  is  to¬ 
wards  the  north  and  west.  The  NBC  flows  into  the  Guiana  Current  and 
into  the  Caribbean.  The  thermocline  is  flat  in  the  north-south  direction, 
and  the  Equatorial  Undercurrent  (EU)  is  shallow  and  slightly  north  of  the 
equator. 

•  By  the  end  of  May  the  NBC  continues  to  flow  into  the  Guiana  Current, 
and  the  EU  intensifies  by  receiving  water  from  the  southern  branch  of 
the  subtropical  gyre.  As  the  ITCZ  moves  north,  it  creates  a  zone  of  con¬ 
vergence  around  5°N  where  the  water  moves  eastward.  Part  of  the  NBC 
retroflects  into  this  zone,  which  is  the  beginning  of  the  NECC,  although 
at  this  point  it  has  not  yet  a  separate  identity,  but  is  coupled  with  the 
EU. 

•  At  the  end  of  August  the  retroflection  of  the  NBC  is  fully  established. 
The  Guiana  Current  is  fed  by  the  southern  branch  of  the  subtropical 
gyre.  The  EU  and  the  NECC  are  separate  entities.  On  the  horizontal 
plane,  the  surface  water  flows  clockwise  around  a  high  pressure  center 
around  5°N.  On  the  vertical  plane,  the  water  up  wells  and  diverges  at  the 
equator,  downwells  on  the  south  flank  of  the  NECC,  and  returns  to  the 
equator  in  the  subsurface  layer.  This  “rolling”  of  the  water  in  the  vertical 
plane  deepens  the  thermocline,  which  forms  a  valley  at  5°N.  The  EU  also 
deepens  and  moves  to  the  equator. 

•  These  conditions  continue  through  fall,  with  progressive  weakening  of  the 
NECC  as  the  ITCZ  moves  south.  The  surface  convergence  zone  vanishes 
and  the  zone  of  divergent  equatorial  upwelling  spreads  north  and  south. 
The  thermocline  goes  up  and  flattens.  The  NBC  joins  the  Guiana  Current. 

The  resolution  solution  shows  in  even  more  detail  the  surface-subsurface 
circulation  between  the  Equatorial  Current  and  NECC.  Since  this  is  an  eddy 
resolving  model,  the  Legeckis  waves  generated  in  the  NECC  are  clearly  seen 
in  the  solutions.  The  circulation  described  above  breaks  in  smaller  loops,  each 
wave  carrying  its  loop  with  water  flowing  north  and  up  on  the  crests,  south  and 
down  on  the  troughs. 

To  finish,  I  would  just  comment  that  if  the  amazing  structures  created  in  the 
model-cyclonic  and  anticyclonic  eddies,  currents  and  countercurrents  continu¬ 
ally  changing  in  space  and  time-are  anything  resembling  the  reality,  it  will  be 
very  difficult  to  make  sense  of  only  a  few  sparse  current  meters  deployed  along 
the  coast  of  northern  Brazil. 
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THE  STRUCTURE  OF  CURRENTS  IN  THE  WESTERN 
TROPICAL  ATLANTIC  OCEAN 

Wendell  S.  Brown 
University  of  New  Hampshire 

The  circulation  in  the  western  equatorial  Atlantic  is  dominated  by  the  sea¬ 
sonal  retroflection  of  an  intense  western  boundary  current  known  as  the  North 
Brazil  Current  (NBC).  During  much  of  each  year,  the  NBC  is  known  to  feed  the 
North  Equatorial  Countercurrent  (NECC)  via  pathways  through  the  Demerrara 
(8°N)  and  Amazon  (5°N)  Eddies.  The  volume  of  the  NBC,  which  escapes  to 
northern  latitudes,  is  unknown.  This  complex  current  system  and  the  under¬ 
lying  flows  of  Antarctic  Intermediate  Water  and  North  Atlantic  Deep  Water 
are  believed  to  play  a  central  role  in  the  net  northward  heat  transport  in  the 
Atlantic.  A  joint  NSF/NOAA-supported  study  of  the  seasonal  changes  in  the 
velocity  structure  over  this  large-scale  region  in  the  western  tropical  Atlantic 
will  be  conducted  in  1990  and  1991.  Pegasus  current  profile  observations  will 
be  complemented  by  shipboard  and  moored  current  observations.  A  combined 
Pegasus,  CTD/O2,  XBT  and  Acoustic  Doppler  Current  Profile  survey  will  be 
conducted  four  times  between  January  1990  and  February  1992  (Figure  1).  The 
overall  study  will  incorporate  moored  current  measurements  by  NOAA,  Keil 
University,  and  ORSTOM  (French)  and  inverted  echo  sounder  measurements 
by  Lamont  in  the  interpretation  of  the  four  seasonal  survey  results.  The  overall 
study  will  provide  the  first  direct  measurements  of  the  structure,  transport,  and 
seasonal  variability  of  the  NBC,  the  deeper  western  boundary  currents  and  their 
connections  to  the  equatorial  and  subtropical  Atlantic  flow  fields. 
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TROPIC<H_  WESTERN  ATLANTIC 


Figure  1.  Combined  moored  array  for  making  Pegasus  current  profiles  f cross! 
current  meter ■  (circle)^  and  inverted  echo  sounder  (triangle)  measurements! 
TV  refers  to  UNH/NOAA  measurements,  K  to  Keil,  R  to  UM/NOAA  O 
and  OO  to  ORSTOM,  and  L  to  Lamont. 
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LOW  FREQUENCY  VARIABILITY  AND  WAVE  SCATTERING 
OFF  ABRUPT  TOPOGRAPHY:  IMPLICATIONS  FOR 
WESTERN  BOUNDARY  CURRENTS 

Kevin  D.  Leaman 

Rosenatiel  School  of  Marine  and  Atmospheric  Science 
University  of  Miami 

Several  years  of  observations  in  the  western  boundary  currents  at  26.5° N 
have  illuminated  certain  remarkable  features  of  both  the  mean  and  time-varying 
parts  of  these  currents.  Although  we  will  refer  on  occasion  to  the  whole  water 
column,  we  wish  to  call  attention  in  particular  to  the  deep  (below  800m)  flow. 

First,  the  southward  transport  in  the  Deep  Western  Boundary  Current 
(DWBC)  below  800  m  is  surprisingly  strong  at  this  latitude-the  mean  abso¬ 
lute  transport  determined  from  11  Pegasus  current  profiler  sections  between 
April  1985  and  September  1987  amounts  to  about  35  x  106  m3  s-1  (35  Sv), 
±15  Sv,  or  about  2-3  times  previously  accepted  values  for  this  current. 

Second,  calculation  of  the  southward  transport  in  two  freon- tracer  “cores” 
associated  with  northern  sources  (Subpolar  Mode  Water  and  Norwegian  Sea- 
Denmark  Straits  Overflow  Water)  indicates  that  only  about  8  Sv  of  this  trans¬ 
port  can  be  accounted  for  by  the  thermohaline-driven  component  of  the  circu- 
lation . 

The  remainder  (about  27  Sv)  must  reside  in  the  horizontal  field  of  the  deep 
recirculation.  However,  in  contrast  to  deep  recirculation  gyres  further  north 
(e.g.,  under  the  Gulf  Stream),  where  vertical  eddy  momentum  fluxes  might  at 
least  provide  a  plausible  driving  force,  similar  strong  currents  are  not  present  to 
the  east  of  the  Blake  Plateau.  Furthermore,  the  horizontal  extent  of  this  deep 
recirculation  gyre  is  at  present  unknown. 

On  the  other  hand,  significant  energy  is  present  at  periods  other  than  the 
mean;  at  this  location  the  strongest  peak  is  at  about  100  days.  The  vertical  and 
horizontal  (eastward  from  the  Blake  Escarpment)  structure  of  this  peak  suggests 
(in  particular  since  the  above  period  is  shorter  than  the  cutoff  period  for  even 
the  lowest  baroclinic  wave  mode)  that  baroclinic  waves  are  trapped  along  the 
Blake  Escarpment  (and  extend  roughly  50-70  km  offshore).  Results  of  a  simple 
analytic  model  tend  to  confirm  some  features  seen  in  the  data.  We  speculate 
that  these  waves  could  drive  a  component  of  the  deep  mean  flow. 

In  contrast  to  this  region,  observations  of  absolute  currents  in  the  DWBC 
off  the  northeastern  coast  of  South  America  are  very  sparse.  Limited  current 
meter  and  Pegasus  observations  suggest  that  during  at  least  part  of  the  year, 
deep  (below  2500  m)  flow  to  the  southeast  can  be  as  strong  (20-30  cm  s-1)  as 
has  been  observed  further  north.  Also,  some  tracer  (freon)  data  support  the  idea 
that  at  least  part  of  the  upper  freon  core  leaves  the  coast  and  flows  eastward, 
particularly  at  the  equator.  However,  compared  to  26.5°N,  the  deep  flow  here 
appears  to  be  significantly  less  energetic  relative  to  flow  in  the  highly  variable 
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surface  layers.  This  may  partly  be  due  to  differences  in  topography. 

In  January,  1989,  we  will  deploy  a  grid  of  Pegasus  current  profiler  stations 
along  the  continental  boundary  between  10°N  and  the  equator  to  document  the 
surface  and  deep  flows  in  greater  detail.  Since  this  grid  will  remain  alive  for 
several  years,  we  encourage  active  participation  by  others  in  its  use. 
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APPLICATIONS  OF  THE  INVERTED  ECHO  SOUNDER 
DEPLOYED  IN  THE  WESTERN  EQUATORIAL  ATLANTIC 

Eli  Joel  Katz 

Lamont  Doherty  Geological  Observatory 

Inverted  echo  sounders  have  been  continuously  deployed  in  the  western 
equatorial  Atlantic  since  February  1983  at  various  sites.  The  longest  data  set 
presently  available  is  across  the  North  Equatorial  Countercurrent  along  38°W, 
or  near  upstream  conditions.  This  allows  for  an  estimate  of  the  interannuai 
variation  of  dynamic  height  across  the  NECC.  This  longitude  and  other  sites 
with  shorter  time  series  are  compared  to  the  slope  computed  from  a  reduced 
gravity  model  using  the  monthly  ship-derived  winds,  and  we  find  that  the  ocean 
is  more  variable  than  the  wind  field  (or  model)  suggests.  Under  the  same  as¬ 
sumptions  of  the  model,  the  geostrophic  transport  is  also  computed  and  zonal 
changes  indicated.  While  continuing  the  monitoring  program  (along  44°W),  we 
now  plan  to  attempt  the  same  across  the  North  Brazil  Current. 


A  MODEL  COMPARISON  OF  WINTER  CIRCULATION 
DYNAMICS  OF  THE  SAB  (U.S.A.)  AND  SBB  (BRAZIL) 

Joao  A.  Lorenzzetti 
Jose  L.  Stech 

Instituto  de  Pesquisas  Espaciais 

The  southeastern  coasts  of  Brazil  (22o00’-28°37’S;  41°00,-48o49,W)  and  of 
the  U.S.  (24°00’-35°00’N;  80o00’-76°00’W)  show  several  similarities  in  terms 
of  form,  length,  and  being  both  subject  to  the  influence  of  western  boundary 
currents  over  their  shelf  break  regions.  These  two  western  boundary  continental 
shelves  are  located  in  different  hemispheres  and  in  subtropical  latitudes.  Nu¬ 
merical  experiments  using  a  barotropic  finite  element  model  was  conducted  to 
make  a  comparative  study  of  the  wintertime  circulation  dynamics  of  these  two 
regions.  The  analysis  of  the  results  of  these  experiments  permitted  the  determi¬ 
nation  of  the  dynamic  time  of  adjustment  of  these  regions,  and  the  momentum 
and  vorticity  balances.  These  results  were  utilized  to  compare  the  similarities 
and  differences  of  the  dynamics  of  both  regions. 
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HYDROGRAPHY  AND  VOLUME  TRANSPORT  ON  THE 
EASTERN  BRAZILIAN  COAST 


Luiz  Bruner  de  Miranda 
Instituto  Oceanogrdfico 
Universidade  de  Sao  Paulo 

Oceanographic  work  based  on  temperature  measurements  with  XBT  probes 
and  hydrographic  stations  was  conducted  off  the  eastern  Brazilian  coast  be¬ 
tween  19°  and  25°S,  in  order  to  obtain  the  spatial  characteristics  of  the  thermal 
structure  and  to  locate  the  Brazil  Current  flow  north  and  south  of  the  Abrolhos 
region  located  at  20°30  S  (Fig.  1).  Although  some  results  of  this  investigation 
have  been  previously  published  by  Evans  and  Signorini  (1985),  the  geostrophic 
velocity  computations  and  the  associated  volume  transports  add  some  knowl¬ 
edge  on  the  circulation  of  this  region. 

The  salinity  has  been  indirectly  estimated  from  the  XBT  data  by  means 
of  a  polynomial  fit  of  the  T-S  curves  (Fig.  2),  based  on  the  hydrographic  data 
obtained  on  the  north  and  south  sections. 

The  current  structure  and  volume  transport,  relative  to  the  500dbar  isobaric 
surface,  has  been  computed  using  both  hydrographic  station  data  and  the  closely 
spaced  XBT  measurements.  A  comparison  of  these  results  for  the  section  off 
Cabo  Frio  indicates  that  some  details  of  the  geostrophic  currents  are  lost  when 
the  hydrographic  data  is  used  (Fig.  3);  the  volume  transports  for  these  data 
agree  within  17%  (3.3  Sv  against  2.8  Sv,  using  hydrographic  and  XBT  data, 
respectively). 

A  volume  transport  budget,  estimated  through  the  transport  computations 
along  all  sections  between  19°  and  22°  S,  indicates  that  the  Brazil  Current  ap¬ 
pears  to  flow  through  the  passage  between  the  most  inshore  banks.  The  net 
volume  transport  of  2.9  Sv  is  in  close  agreement  with  the  corresponding  value 
of  the  Cabo  Frio  section  (3.3  Sv),  where  the  total  flow  of  the  Brazil  Current  was 
supposedly  bracketed  by  the  station  sampling  (Fig.  4). 
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Figure  2.  Salinity  estimated  by  polynomial  fit  of  T-S 
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Figure  4-  Estimated  transports  through  the  indicated  sections  in  the  Cabo 
Frio  region. 


boundary  element  approach  to  ocean 

CIRCULATION  MODELING 

Marcio  L.  Vianna 
Paulo  R.C.  Holvorcem 
Instituto  de  Pesquisas  Espaciais 

The  influence  of  complicated  coastal  geometries  and  boundary  conditions  on 
basm-wide  ocean  circulation  is  one  of  the  major  problems  affecting  most  gen- 
eral  ocean  circulation  models  (GCMs).  These  problems  are  even  worse  when 
phenomena  close  to  a  western  boundary  have  to  be  studied.  We  are  introducing 
a  new  generation  of  GCMs  which  uses  the  stalled  “boundary  element  meth 
ods.  The  great  numerical  advantage  of  these  methods  rests  on  the  possibility 
of  examining  limited-area  responses  with  high  resolution,  even  if  the  forcing 
field  over  the  basin  is  described  by  a  standard  grid.  To  better  illustrate  the 
method,  a  scheme  for  the  solution  of  the  linearized  equatorial  /?-plane  equations 
was  developed.  In  this  approach,  the  coastline  has  to  be  discretized  into  ele¬ 
ments  instead  of  the  fluid  domain.  Thus,  we  reduce  the  dimensionality  of  the 
problem  by  one,  and  may  obtain  great  spatial  resolution  with  a  small  number  of 
elements.  Also,  arbitrarily  shaped  coastlines  can  be  more  accurately  described 
in  this  kind  of  numerical  code  than  in  finite  difference  schemes. 

The  governing  equation  for  the  pressure  perturbation  in  a  single  vertical 
mode,  at  a  fixed  frequency,  has  the  form: 

L(d/dx,  8/dy,  y,  w)p(r)  =  F(r),  (1) 

where  L  is  an  elliptic  operator  with  ^-dependent  coefficients,  and  F  is  related 
to  the  wind  stress  curl  and  divergence.  To  take  into  account  the  propagation 
of  dis  urbances  across  the  ocean,  we  define  a  Green’s  function  for  the  adjoint 
operator  L  by  the  condition 


L  +  G(r;r>)  =  6(R),  R  =  r- 


(2) 


This  function  represents  the  pressure  response  at  r  due  to  a  certain  wind  stress 
distribution  which  has  a  1/|R|  singularity  at  the  “source”  r  =  r'.  Analytic 

fOT  thC  G!een’8  function  m»y  be  given  in  terms  of  Hermite  functions; 
the  field  G  consists  of  a  finite  number  of  modes  with  westward  (eastward)  group 

y  reglr°n  t0  ,the  West  (east)  of  the  *»“«  ?’>  and  of  an  infinite 

number  of  modes  of  complex  wavenumber  trapped  near  the  source’s  longitude. 

The  superposition  of  these  modes  to  make  up  the  total  field  G  is  complicated 
efficiently VC  P  aSymptotic  methods  *>  evaluate  this  sum  accurately  and 

Multiplication  of  (1)  by  the  complex  conjugate  of  G,  integration  by  parts 
over  the  ocean  region  B,  and  application  of  the  slip  boundary  condition  at  the 
coast  T  will  yield  our  fundamental  boundary  integral  equation: 
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MO  -  £dsp(r)h(r)K(r';r)  +  J  J  dxdyr(r)K(r'\  r)  =  0.  (3) 

Here,  the  kernel  K  is  related  to  the  gradient  of  G,  h  is  the  outer  normal  to  the 
fluid,  r  is  the  wind  stress,  and  the  constant  a  is  1  if  r '  is  an  interior  point  of  1 3, 
and  \  if  r '  is  on  the  boundary  T. 

In  numerical  applications,  the  point  r '  is  first  assumed  to  be  located  on  the 
boundary.  Then  (3)  will  involve  only  unknown  boundary  values  of  p  and  the 
prescribed  forcing  over  the  ocean.  The  integral  equation  is  discretized  along  the 
coast  using  boundary  elements,  and  numerical  quadrature  is  used  to  evaluate 
the  forcing  term.  Once  the  boundary  values  are  known,  (3)  is  used  as  an  integral 
representation  of  the  interior  solution  at  an  arbitrary  point  r '  in  the  interior  of 
the  fluid,  thus  generating  the  sought-for  fields  of  pressure,  velocity  and  density 
perturbations. 
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ESTIMATES  OF  THE  ZONAL  SLOPE  AND  SEASONAL 
TRANSPORT  OF  THE  ATLANTIC  NORTH  EQUATORIAL 
COUNTERCURRENT 

James  A.  Carton 
University  of  Maryland 

Eli  Joel  Katz 

Lamont  Doherty  Geological  Observatory 

We  use  data  from  six  inverted  echo  sounder  moorings  and  the  GEOSAT 
satellite  altimeter  to  examine  the  seasonal  variability  of  sea  surface  elevation. 
Monthly  sea  level  maps  are  constructed  using  subsurface  temperature  data  to 
provide  a  reference  sea  level  field.  The  maps  are  then  used  to  describe  the  origin 
and  structure  of  the  western  tropical  Atlantic  North  Equatorial  Countercurrent 
during  a  two-year  period  beginning  November  1987.  The  data  reveal  a  zonal 
current  which  is  confined  between  3°N  and  9°N  with  a  typical  width  of  300 
km.  The  NECC  flows  strongly  eastward  during  November  and  December  1986, 
and  May  1987  through  January  1988.  The  reappearance  of  the  current  is  then 
delayed  until  the  end  of  our  record  in  October  1988. 
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Volume  transport  is  estimated  for  the  two-year  period  from  surface  elevation 
by  approximating  the  vertical  structure  of  the  ocean  as  a  two-layer  fluid.  We 
find  that  the  NECC  has  a  maximum  transport  of  40  Sv  at  38°W.  This  water  has 
its  origin  in  the  retroflection  of  the  North  Brazil  Current.  Eastward  of  38°W, 
the  NECC  loses  strength  as  water  exits  the  current  to  join  the  currents  farther 
south. 


NUMERICAL  SIMULATION  OF  A  RESPONSE  OF  AN 
OCEANIC  FRONT  TO  A  MESOSCALE  ATMOSPHERIC 

FORCING 

Claudio  Solano  Pereira 
Institute/  de  Pesquisas  Espaciais 

Affonso  da  Silveira  Mascarenhas,  Jr. 

Institute/  Oceanogrdfico 
Universidade  de  Sao  Paulo 

The  influence  of  middle-latitude  cyclones  and  their  associated  cold  fronts 
on  open-ocean  fronts  is  studied  with  the  approach  of  numerical  simulation.  An 
embedded  mixed-layer  ocean  circulation  model  is  developed  analogous  to  that 
of  Adamec  et  al.  (1981).  Finite  differences  with  horizontal  resolution  of  5  km 
in  a  staggered  grid  are  used  to  solve  the  model  equations  within  a  domain 
of  total  meridional  extension  of  300  km  and  500  m  depth.  Two  numerical 
experiments  were  performed  to  investigate  the  response  of  an  ocean  front,  similar 
to  the  South  Atlantic  subtropical  convergence  zone,  to  a  mesoscale  atmospheric 
forcing  (cold  front).  Under  the  effect  of  the  cold  air  outbreak,  the  thermal 
and  dynamic  structures  of  the  upper  layers  are  substantially  modified  with  a 
more  intense  sinking/cooling  rate  of  the  mixed  layer.  The  sinking/cooling  rate 
depends  strongly  on  the  magnitude  of  the  thermal  gradient  at  the  thermocline 
top  and  on  the  mixed-layer  depth.  Due  to  the  different  sinking/cooling  rates,  a 
single  storm  can  move  the  oceanic  front  up  to  20  km  from  its  initial  position. 
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IS  THE  SVERDRUP  RELATION  VALID  IN  THE  SOUTH 

ATLANTIC? 

Affonso  da  S.  Mascarenhas,  Jr. 

Olga  T.  Sato 
Instituto  Oceanogrdfico 
Universidade  de  Sao  Paulo 

Assuming  a  linear  and  baroclinic  model  in  steady  state,  and  neglecting  the 
lateral  diffusion  of  momentum,  the  potential  vorticity  balance  is  given  by  the 
planetary  vorticity  and  the  vortex  tube  stretching/compression.  These  assump¬ 
tions  lead  to  the  physical  mechanism  conventionally  called  the  “Sverdrup  rela¬ 
tion”  or  “balance.”  Hellerman  and  Rosenstein  wind  stress  data  were  used  to 
compute  monthly  and  annual  means  in  1°  x  1°  squares  of  the  horizontal  field 
the  wind  stress  curl  and  the  mass  transport  stream  function  between  5°N  and 
35°S  latitude.  Zonal  oceanographic  sections  across  the  South  Atlantic,  based  on 
measurements  of  temperature,  salinity/conductivity,  and  depth/pressure,  were 
used  to  compute  the  mass  transport  of  the  ocean.  Two  methods  of  determin¬ 
ing  the  level  of  no  motion  are  discussed.  The  estimates  of  the  transport  in  the 
center  of  the  gyres  suggest  that  the  Sverdrup  relation  can  be  valid.  The  mass 
transport  maps  show  a  region  of  zero  transport,  frequently  in  the  NW-SE  di¬ 
rection.  Such  evidence  suggests  a  pattern  of  two  assymmetric  surface  gyres-a 
result  that  contradicts  our  present  understanding. 


BUOY-BASED  MET-OCEAN  DATA  ACQUISITION  SYSTEM 
DEVELOPMENT  AT  INPE 

Pedro  Rubens  de  Carvalho 
Merritt  Raymond  Stevenson 
Carlos  Leandro  da  Silva,  Jr. 

Laboratorio  de  Pesquisas  Atmosfericas  e  Oceanicas 
Instituto  de  Pesquisas  Espaciais 

A  growth  of  the  demand  for  Met-Ocean  buoys  from  various  organizations  in 
Brazil  is  causing  an  expansion  in  the  interests  of  INPE’s  Drift  Buoy  Research 
Group,  previously  dedicated  to  the  development  of  rugged  drift  buoys  to  be 
deployed  in  Antarctica.  Some  of  INPE’s  concepts  for  the  development  of  multi¬ 
task,  satellite-interrogating,  moored  buoys  for  use  by  Petrobras  on  slope  waters 
will  be  presented. 
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TOWARDS  A  CAPABILITY  OF  MAPPING  SEA  SURFACE 
PARAMETER  FIELDS  BY  AIRBORNE  MICROWAVE 
RADIOMETERS 

Ulf  Palme 

Instituto  de  Pesquisas  Espaciais 

Microwave  measurements  of  sea  surface  temperature  and  salinity  by  air- 
borne  sensors  have  been  reported  in  the  past  as  suffering  from  problems  of  low 
resolution.  On  the  other  hand,  the  efficient  mapping  of  oil  slicks  by  airborne  mi¬ 
crowave  radiometers  has  been  proven.  In  order  to  further  develop  techniques  of 
obtaining  higher  resolution,  a  research  program  is  being  started  to  measure  the 
Debye  parameters  of  samples  of  saline  water,  using  time-domain  reflectometry 
techniques  (TDR)  up  to  10  GHz  in  a  joint  effort  between  INPE  and  Instituto 
Maua  de  Tecnologia  (IMT). 
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VARIABILITY  OF  THE  NORTH  BRAZIL  CURRENT  AND 
NORTH  EQUATORIAL  COUNTERCURRENT  OFF  FRENCH 
GUIANA:  1987-1988 


William  E.  Johns 

Rosenstiel  School  of  Marine  and  Atmospheric  Science 
University  of  Miami 

Advances  in  tropical  oceanography  over  the  past  few  decades  have  led  to  the 
realization  that  low  latitude  western  boundary  currents  play  an  important  role 
in  cross-equatorial  mass  transport  and  recirculation  of  water  within  the  zonal 
equatorial  current  systems.  In  the  Atlantic,  observations  have  shown  that  an 
intense  North  Brazil  Current  (NBC)  along  the  coast  of  South  America  carries 
water  northward  from  the  South  Equatorial  Current,  where  it  impinges  on  the 
east  coast  of  Brazil.  Presently  there  are  few  direct  measurements  of  this  current 
system,  although  observations  by  Flagg  et  al.  (1986)  in  December  1980  showed 
the  NBC  to  be  100-200  km  wide,  with  northwestward  flow  extending  to  at  least 
500  m  depth,  and  with  a  total  volume  transport  near  2°N  of  approximately 
50  x  106  m3  s”1. 

Most  of  the  northward  transport  of  the  NBC  is  thought  to  be  returned  to 
the  ocean  interior  between  the  equator  and  about  8°N  in  a  system  of  east¬ 
ward  flows  at  various  levels.  Water  mass  analyses  by  Metcalf  (1968),  Metcalf 
and  Stalcup  (1967),  Cochrane  (1969),  and  others  suggest  that  the  offshore  flow 
from  NBC  to  the  ocean  interior  occurs  at  different  depths  at  different  latitudes 
with:  a)  flow  in  the  thermocline  separating  just  north  of  the  equator  to  feed  the 
Equatorial  Undercurrent,  b)  flow  beneath  the  thermocline  separating  near  3°N 
to  feed  eastward  subthermocline  countercurrents,  and  c)  flow  near  the  surface 
separating  near  6°N  to  feed  the  North  Equatorial  Countercurrent  (NECC).  The 
separation  of  surface  layers  of  the  NBC  near  6°N  during  summer  and  fall  is  well 
documented  in  surface  drifter  trajectories  (Richardson  and  Reverdin,  1987)  and 
in  Coastal  Zone  Color  Scanner  (CZCS)  imagery  (Muller-Karger  et  al.,  1988), 
which  show  clearly  the  offshore  advection  of  high-nutrient  Amazon  River  water 
lying  adjacent  to  the  coast  there.  These  observations  also  support  the  historical 
view  that  during  the  winter  and  spring,  when  the  NECC  is  weak  or  absent,  the 
NBC  continues  northward  as  a  continuous  near-surface  flow  along  the  coast  into 
the  Guiana  Current  and  the  Caribbean.  This  feature  of  the  tropical  Atlantic 
circulation  is  related  to  the  northward  mean  transport  of  surface  and  thermo¬ 
cline  waters  required  to  balance  southward  cross-equatorial  transport  of  cold 
water  formed  by  deep  convection  in  the  North  Atlantic.  Both  models  (Stom- 
mel,  1957)  and  observations  (Gordon,  1986)  suggest  that  north  of  the  equator 
in  the  Atlantic  the  deep  southward  transport  and  northward  upper  layer  return 
flow  are  concentrated  in  the  western  boundary. 

In  1986  the  NOAA  STACS  (Subtropical  Atlantic  Climate  Studies)  program 
initiated  a  regular  program  of  observations  in  the  tropical  Atlantic,  consisting  of 
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repeated  shipboard  hydrographic  surveys,  Pegasus  direct  velocity  profiling,  and 
moored  current  meter  observations.  Initial  focus  was  on  the  region  near  6-8°  N 
off  the  coast  of  French  Guiana,  to  investigate  the  dynamics  of  the  NBC/NECC 
retroflection  zone  and  to  explore  methods  for  monitoring  the  seasonal  variation 
in  northward  throughflow  of  South  Atlantic  waters  along  the  western  boundary. 

Results  from  an  array  of  moored  current  meters  deployed  in  the  retroflection 
zone  during  1987-88  are  presented,  showing  that: 

1.  seasonal  variations  in  upper  level  mean  currents  are  large  and  generally 
consistent  with  previous  observational  and  model  results, 

2.  a  strong,  steady,  deep  western  boundary  current  flows  southeastward  at 
the  base  of  the  continental  rise  with  core  speeds  of  nearly  0.3  ms"1, 

3.  low-frequency  current  fluctuations  in  this  region  are  dominated  by  a  sharply 
periodic  40-60  day  oscillation  that  appears  related  to  eddy  generation  from 
the  NBC  retroflection  front. 

Plans  for  future  work  in  the  western  tropical  Atlantic  involving  a  cooperative 
international  effort  of  U.S.,  Brazilian,  German,  and  French  scientists  are  also 
presented  and  discussed. 
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REFLECTION  OF  EQUATORIAL  WAVES  FROM  OCEANIC 
BOUNDARIES  OF  ARBITRARY  SHAPE 


Paulo  R.C.  Holvorcem 
Instituto  de  Pesqutsas  Espaciais 

A  boundary  element  method  is  used  to  study  numerically  the  reflection  of 
equatorial  waves  from  ocean  boundaries  of  arbitrary  geometry.  The  problem  is 
formulated  as  an  integral  equation  over  the  boundary,  which  relates  the  unknown 
pressure  values  on  the  boundary  with  the  remote  forcing  represented  by  the 
incident  wave  (see  Vianna  and  Holvorcem,  this  volume).  The  kernel  of  the 
integral  equation  includes  all  the  possible  modes  of  the  equatorial  plane,  not  just 
the  long  waves,  which  were  the  only  modes  retained  in  some  previous  studies. 
In  this  way  we  expect  to  treat  more  rigorously  the  fluid  motion  near  the  coast. 

The  boundary  is  divided  into  N  short  segments,  and  the  discrete  version  of 
the  integral  equation  is  an  N  x  N  system  of  linear  equations  for  the  boundary 
pressures.  Once  this  system  is  solved  for  the  N  boundary  values,  the  pressure 
and  velocity  at  any  interior  point  can  be  computed  by  using  the  integral  equation 
as  an  integral  representation  of  the  interior  solution  in  terms  of  the  boundary 
values.  It  is  important  to  note  that  since  the  fluid  domain  is  not  divided  into 
cells,  the  only  limitation  to  the  resolution  comes,  in  principle,  from  the  finite 
size  of  the  boundary  elements;  however,  the  constraint  is  not  as  strong  as  that 
implied  in  “2  x  noise,”  since  it  is  known  that  integration  is  a  smoothing  process. 
The  resulting  interior  field  will  always  tend  to  be  smooth  because  even  the  short 
wave  modes  are  exactly  included  in  the  kernels  of  the  integral  equation. 

Our  calculations  with  the  South  American  continental  margin  between  20°  S 
and  20° N  use  N  —  56  elements.  Sample  results  (Fig.  1)  show  the  total  pressure 
perturbation  at  a  given  instant  when  the  incident  wave  is  the  first  Rossby  mode 
with  a  period  of  2.4  months.  (In  this  case  the  Kelvin  wave  speed  is  1.26  m  s-1.) 
There  is  a  region  of  enhanced  amplitude  centered  at  5°N,  43°  W.  The  amplitude 
of  oscillation  of  the  reflected  field  is  shown  in  Figure  2.  The  amplitude  is  mod¬ 
ulated  at  a  zonal  scale  of  about  25°,  and  the  spot  of  large  amplitude  is  clearly 
seen.  We  speculate  that  the  eddy  with  large  thermocline  depths  found  by  Bruce 
and  Kerling  (1984)  in  the  region  of  our  large  amplitude  spot  may  be  attributable 
to  an  effect  of  the  coastal  geometry  on  the  wave  field  incident  from  the  east. 
The  current  calculations  (not  shown)  exhibit  clearly  vertices  with  zonal  scales 
as  small  as  1°;  in  fact,  we  have  not  yet  found  an  upper  limit  for  the  spatial 
resolution  which  cam  be  attained  with  our  discretization  of  the  boundary. 
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STATIONARY  ROSSBY  WAVES  IN  WESTERN  BOUNDARY 
CURRENT  EXTENSIONS 

E.  Campos,  D.  Olson  and  D.  Boudra 
Rosenstiel  School  of  Marine  and  Atmospheric  Sciences 
University  of  Miami 

Results  of  numerical  experiments  with  an  Eddy  Resolving  General  Circula¬ 
tion  Model  (EGCM),  performed  with  the  purpose  of  studying  finite- amplitude 
Rossby  waves  superimposed  on  western  boundary  current  extensions,  are  re¬ 
ported.  These  experiments  focus  on  the  effects  of  basin  geometry,  wind-stress 
distribution,  and  lateral  boundary  conditions  on  the  existence,  structure  and 
dynamics  of  those  features.  Experiments  with  time-independent  wind-stress 
distributions  show  that  the  western  boundary  orientation  relative  to  the  wind 
stress  direction  plays  a  decisive  role  in  the  existence  of  quasi-stationary  pattern 
superimposed  on  the  mid-latitude  jet  of  two-gyre  experiments. 

This  work  is  largely  motivated  by  results  of  observations  in  the  region  of 
confluence  of  the  Brazil  and  Malvinas  Currents  (e.g.,  Legeckis  and  Gordon, 
1982;  Roden,  1986;  Olson  et  al.,  1988).  According  to  those  observations,  on 
the  western  side  of  the  South  Atlantic  subtropical  gyre,  the  Brazil  Current 
flows  southward  to  approximately  38° S,  where  it  encounters  the  northward- 
flowing  Malvinas  Current.  At  this  confluence  both  currents  separate  from  the 
coast,  with  the  Brazil  Current  continuing  poleward  before  looping  back  to  the 
north,  forming  a  large  extension  of  the  South  Atlantic  thermocline  water.  The 
general  pattern  is  that  of  a  quasi-stationary  wave  with  wavelength  of  about 
400  km  and  amplitude  of  about  200  km  (Fig.  1).  Legeckis  and  Gordon  (1982) 
report  that  the  southern  limit  of  this  extension  fluctuates  within  the  region 
limited  by  the  latitudes  38  and  46°  S  and  the  longitudes  50  and  56°  W,  with  time 
periods  as  short  as  two  months.  Those  oscillations  are  confirmed  by  Olson  et  al. 
(1988),  who,  in  addition  to  30-day  and  60-day  oscillations  (possibly  linked  to  the 
mesoscale  eddy  field),  also  report  cyclical  excursions  of  the  currents  along  the 
coast  at  semi-annual  and  annual  periods.  Olson  and  his  coworkers  hypothesize 
that  the  quasi-stationary  wavelike  structure  of  the  confluence  region  acts  as  an 
energy  reservoir  into  which  the  Brazil/Malvinas  Currents  slowly  impart  energy. 
This  energy  is  then  periodically  released  back  into  the  boundary  as  the  wave 
train  become  transient.  This  is  theoretically  possible,  and,  according  to  Gordon 
(1988),  such  an  event  was  possibly  observed  in  January-February  1985.  A  study 
of  the  existence  and  dynamics  of  such  phenomenon,  in  a  numerical  simulation, 
is  among  the  goals  of  the  current  investigation. 

Analytical  calculations,  using  zonal  mean  flows  with  no  spatial  shears,  show 
that  free  stationary  Rossby  waves  with  amplitude  decaying  in  the  ^-direction  are 
solutions  for  the  nonlinear  quasi-geostrophic  vorticity  equations  with  Laplacian 
lateral  dissipation.  For  mean  flow  strengths  comparable  to  those  observed  in 
the  Brazil/Malvinas  confluence,  the  wavelengths  of  these  analytical  solutions 


are  roughly  similar  to  the  observed  waves.  Due  to  the  high  degree  of  complexity 
of  the  real  world,  however,  all  attempts  to  obtain  further  information  using 
analytical  methods  prove  to  be  extremely  difficult,  if  not  impossible.  Numerical 
approaches,  while  also  approximations,  constitute  the  most  viable  option  for 
going  a  little  further.  The  numerical  experiments  discussed  here  apply  Bleck  and 
Boudra’s  isopycnic  coordinate  model,  and  were  designed  according  the  following 
strategy.  First,  conditions  for  the  existence  of  quasi-stationary  features  are 
investigated;  and  second,  the  dynamics  and  structure  of  these  features  are  then 
analyzed.  The  numerical  simulations  have  been  carried  out  at  the  National 
Center  for  Atmospheric  Research  (NCAR)  computer  facilities  (CRAY-XMP). 

In  order  to  assess  the  effects  of  north-south  asymmetries  and  boundary  con¬ 
ditions  on  the  existence  of  stationary  Rossby  waves  in  the  eastward  extension  of 
western  boundary  currents,  experiments  were  performed  using  different  western 
boundary  geometry,  boundary  conditions,  and  location  of  the  zero  wind-stress 
curl.  For  perfectly  symmetric  conditions-that  is,  rectangular  domain  with  zero 
wind-stress  curl  along  the  central  latitude  of  the  basin-the  time-averaged  circu¬ 
lation  shows  a  perfectly  zonal  mid-latitude  jet.  As  soon  as  north-south  asym¬ 
metries  are  introduced,  either  by  tilting  the  western  boundary  or  by  changing 
the  latitude  of  the  wind-stress  curl,  a  stationary  pattern  starts  to  show  up  in  the 
time-mean  mid-latitude  jet.  For  a  western  boundary  geometry  resembling  that 
of  the  South  American  continental  shelf  from  20°  to  55°S  (not  including  the 
Malvinas  Bank),  the  stationary  wave  train  is  similar  to  the  one  observed  in  the 
real  world  (Fig.  2).  Phase  diagrams  along  specific  latitude  lines  for  the  stream- 
function  and  eddy-kinetic  energy  reveal  a  quasi-stationary  wavelike  behavior, 
similar  to  what  is  observed  in  the  Brazil/Malvinas  extension.  The  transient 
behavior  seems  to  be  in  accordance  with  the  hypothesis  of  Olson  et  al.  (1988). 
Kinetic  energy  builds  up  in  a  stationary  pattern  in  the  confluence  region  and, 
then,  from  time  to  time  is  released  back  towards  the  western  boundary. 

Although  the  analyses  of  the  results  are  still  in  an  early  stage,  preliminary 
results  seem  to  indicate  that  the  geometry  of  the  western  boundary  plays  a 
major  role  in  the  existence  of  the  stationary  wavelike  pattern  of  the  western 
boundary  current  extension.  Also,  it  seems  to  be  safe  to  conclude  that  the 
other  constraints  investigated-the  boundary  condition  and  stratification-affects 
only  the  structure  and  strength  of  those  features. 
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Figure  1.  South  Atlantic  large  scale  mean  circulation  (Gordon,  1988).  The  nu¬ 
merical  simulations  were  performed  in  the  portion  of  the  basin  represented 
by  the  polygon  ABCDE. 
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TIME-AVRGD  STREAMFUNCTION  -  LAYER  1 


Figure  2.  Upper  layer  mean  circulation  of  a  two-layer  experiment  using  an 
approximation  of  South  America  coastline  from  20°  to  55°S. 
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DISPERSION  PROCESSES  OF  THE  SUSPENDED  MATERIAL 
TRANSPORTED  BY  BARRA  NORTE  COASTAL 
WATER-AMAZON  RIVER 

Renato  Herz 
Instituto  Ocean ogrdjico 
Universida.de  de  Sao  Paulo 

,  LANDSAT,  SPOT  and  NOAA  platforms  have  led  to  a  large  expansion  in 
the  knowledge  of  the  coastal  processes  related  to  the  suspended  solid  material 
transport  on  the  Brazilian  continental  shelf.  From  the  systematic  inspection  of 
images  from  these  satellites,  an  appreciable  amount  of  understanding  was  gath¬ 
ered,  helping  to  test  some  previous  hypotheses  established  by  means  of  surface 
sampling  by  field  researchers.  With  this  technique  of  the  remote  observation  of 
natural  phenomena,  it  is  possible  to  establish,  with  a  good  degree  of  precision 
and  synoptic, ty,  the  spatial  distribution  of  different  suspended  material  concen¬ 
tration.  The  correlation  of  these  data  with  the  ones  of  the  land  support  ascribe 
certain  dynamical  tendencies  to  the  coastal  waters.  Much  of  this  evidence  en¬ 
ables  oceanographic  researchers  to  define  the  very  complex  details  when  MMS 
and  more  recently  TM  and  LANDSAT  images  are  analyzed.  The  source  areas 
and  the  mechanics  of  the  mixing  between  the  Amazon  Basin  fresh  waters  and 

the  oceanic  waters  can  be  identified  on  the  western  equatorial  Atlantic  from 
these  images. 


III.  DISCUSSIONS 


INTRODUCTION 

The  technical  presentations  below  outline  the  significant  progress  which  has 
taken  place  since  the  last  workshop,  by  Brazilian  and  U.S.  researchers  in  both 
the  Brazilian  coastal  and  deep  oceans.  Shelf  studies  in  the  South  Brazilian  Bight 
by  Castro  (IOUSP)  and  Lorenzzetti  (INPE)  have  begun  to  reveal  the  first  or¬ 
der  wind-driven  response  and  hydrographic  variability  of  the  region.  Lagoon 
studies  in  southern  Brazil  by  Muller  (FURG)  have  defined  the  basic  physical 
processes  responsible  for  the  circulation.  In  the  north,  new  observations  have 
been  obtained.  These  include  new  deep  sea  hydrographic  and  tide  observa¬ 
tions  by  Mesquita  (IOUSP);  deep  sea  currents  and  hydrography  by  STACS 
scientists  Johns,  Leaman,  Lee  (RSMAS)  and  Molinari  (NO  A  A);  sea  level  maps 
derived  from  satellite  altimetry  by  Carton  (UMD);  shelf  hydrography  and  sur¬ 
face  currents  by  Limeburner,  Beardsley  and  Geyer  (WHOI);  and  model  results 
by  Vianna  and  Holvorcem  (INPE). 

These  new  results  generated  lively  discussions  on  the  best  ways  for  U.S. 
and  Brazilian  physical  oceanographers  to  collaborate  in  the  future.  The  most 
promising  avenues  seem  to  include: 

•  An  effort  to  deploy  a  current  meter  mooring  at  the  100m  isobath  between 
the  offshore  end  of  the  AMASSEDS  moored  shelf  array  and  the  inshore 
end  of  the  RSMAS/STACS  moored  deep  ocean  array.  Castro  (IOUSP)  has 
committed  three  current  meters  for  the  planned  February  through  June 
deployment.  One  additional  current  meter  and  the  mooring  hardware  will 
be  supplied  by  WHOI. 

•  A  joint  effort  to  model  the  tides  in  the  region  of  the  Amazon  outflow  by 
Lorenzzetti  (INPE),  Castro  (IOUSP)  and  Beardsley  (WHOI). 

•  A  collaborative  effort  to  make  ocean  color  measurements  in  the  region  of 
the  Amazon  outflow,  NBC  retroflection,  and  the  northeastern  Brazilian 
Shelf.  Vianna  (INPE)  has  committed  time  and  an  INPE  aircraft  which  will 
carry  remote  sensing  instrumentation  provided  by  Muller-Karger  (USF) 
for  these  observations. 

•  Participation  on  the  NSF/STACS  Pegasus  cruises  by  several  Brazilian 
students.  A  number  of  these  students  are  applying  to  U.S.  institutions, 
including  UMD  and  UNH,  for  Ph.D.  degrees. 

Discussions  of  longer  time  scale  interactions  included  interest  in: 

•  Using  satellite  imagery  of  Herz  (IOUSP)  to  infer  sediment  dispersion  pat¬ 
terns  in  support  of  AMASSEDS  studies  of  the  Amazon  outflow. 


64 


Joint  synthesis  of  Brazilian  and  U.S.  hydrography  and  tide  measurements 
m  the  northeast  of  Brazil  by  Mesquites  (IOUSP)  and  others. 

Tow7i°iSImS/SdreS  by7ianna  and  Halvorcem  (INPE),  Carton  (UMD), 
Atlantic  ***  man  on  the  dynamics  of  the  western  tropical 


•  Joint  Pegasus/CTD  studies  of  the  Brazil  Current 
and  Mascarenhas/Ikeda  (IOUSP). 


by  Johns/Leaman  (UM) 


The  following  are  more  detailed 
ing  Brazil/U.S.  collaboration. 


accounts  of  the  various  discussions  concern- 


DISCUSSION  OF  THE  AMASSEDS  PROGRAM: 
PRESENT  STATUS  AND  FUTURE  POSSIBILITIES 


R.  Geyer 


Dro^Sin  thS  A  “  ln  '  SClpl1lnary  study  of  Physical,  geological  and  chemical 
processes  in  the  Amazon  disperal  system  (the  continental  shelf  where  sediment 

is  t  ansported  and  deposited).  The  physical  oceanographic  component  focuses 
dynamics,  interaction  of  the  North  Brazil  Current  with  the  outflow 
and  the  boundary  layer  processes  influencing  the  sediment  dispersal. 


Schedule 

Cruise  1 
Cruise  2 
Cruise  3 
Cruise  4 


July  ‘89  (completed) 
Feb-Mar  ‘90 
June- July  ‘90 
Oct-Nov  ‘91 


Details  of  Cruise  2 


Leg  1 
Leg  2 
Leg  3 
Leg  4 
Leg  5 


1/25-2/5/90 

2/7-2/14 

2/15-2/27 

2/28-3/9 

3/10-3/24 

3/25-3/31 

4/2-4/8 


Dead  head  -  Miami  to  Belem 
Mooring  deployment  (Beardsley,  Chief  Sci.) 
Chemistry,  bottom  geology 
Hydrography,  water  chemistry  (Limeburner) 
Frontal  zone  study  (Geyer) 

Bottom  geology 

Dead  head  -  Belem  to  Puerto  Rico 
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There  is  potential  for  other  scientists  to  participate  in  these  cruises,  partic¬ 
ularly  the  legs  involving  physical  oceanography.  The  dead  head  legs  could  be 
used  to  measure  the  northward  evolution  of  the  Amazon  plume  waters. 

Potential  expansion  of  AMASSEDS  to  Tie  in  with  Other  Studies  and 
Broaden  Scientific  Scope: 

1.  It  would  be  beneficial  to  tie  in  the  mooring  and  hydrographic  measurement 
with  the  North  Brazil  Current  Study.  Possible  alternatives: 

a)  Add  mooring  at  100m  isobath,  using  Castro’s  current  meters  (see  Cas¬ 

tro,  this  volume). 

b)  During  AMASSEDS  cruises,  extend  hydrographic  and  Doppler  lines 

across  shelf  break. 

c)  Obtain  hydrographic  (and  perhaps  Doppler)  measurements  on  shelf 

during  STACS  and  other  cruises. 

2.  Pressure  and  sea  level  data  should  be  obtained  at  as  many  places  as  pos¬ 
sible.  Probable  and  possible  locations  include: 

a)  Santana  and  Belem  tide  gauges  (probable); 

b)  Eli  Katz’s  IES  stations  (probable); 

c)  at  planned  WHOI  moorings  (possible); 

d)  at  possible  100m  mooring  (possible); 

e)  at  shelf  locations  at  0°W  and  4°N  (unlikely). 

Possibly,  tie  in  measurements  with  GEOS  AT  altimetry  and  use  as  a  basis 
for  numerical  model. 

3.  Meteorological  information  should  be  augmented. 

a)  All  nearby  coastal  meteorology  should  be  obtained  for  the  cruise  pe¬ 

riods  and  deployment,  and  the  local  climatology  should  be  assessed. 

b)  Possible  deployment  of  NDBC  weather  buoy,  based  on  comments  of 

Merritt  Stevenson. 

4.  Satellite  and  aircraft  remote  sensing: 

a)  Archived  coastal  zone  scanner  data  should  be  analyzed. 

b)  Ground  truth  should  be  obtained  during  AMASSEDS  cruises  for  op¬ 

tical  properties  of  water. 
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c)  A  cooperative  program  for  aircraft  remote  sensing  should  be  pro¬ 

posed,  using  a  scanning  radiometer  and  Brazilian  aircraft  (see  Muller- 

Karger,  this  volume). 

d)  Analysis  of  LANDSAT  imagery  (perhaps  by  Herz)  would  provide  im¬ 

portant  sediment  transport  information. 

5.  Numerical  modeling  of  tides;  Resonant  tides  provide  interesting  prob¬ 
lem,  perhaps  for  cooperative  modeling  effort  between  Brazil  and  U.S.  (see 
Beardsley,  Lorenzzetti  discussions,  this  volume). 

6.  Other  drifters  would  benefit  program,  but  not  strongly  supported.  Per¬ 
haps  more  mooring  data  would  be  more  important. 

7.  We  need  to  protect  moorings  against  risk  of  loss  due  to  shrimp  fishing. 

8.  Nearshore  studies.  Renato  Herz’s  satellite  imagery  indicates  the  impor¬ 
tance  of  the  flow  across  the  nearshore,  too  shallow  for  the  oceanographic 
ships.  While  the  logistics  may  be  too  difficult,  measurements  and  samples 
in  the  region  between  the  shore  and  the  10m  isobath  would  be  very  useful. 


DRIFTERS 
R.  Beardsley 

AMASSEDS  deployed  two  satellite-tracked  surface  drifters  in  the  Amazon 
River  plume  near  1°N,  49°W  in  August,  1989.  The  drifters  were  drogued  at 
3  m  and  moved  northwest  over  the  shelf  until  turning  offshore  near  5°N  and 
continued  clockwise  around  the  NBC  retroflection.  While  these  AMASSEDS 
drifters  were  released  to  measure  transit  time  of  Amazon  River  water  over  the 
Amazon  shelf,  the  subsequent  trajectories  are  providing  exciting  new  indirect 
evidence  of  the  downstream  disperal  mechanism  of  Amazon  water  in  the  western 
equatorial  Atlantic  described  by  Muller-Karger  et  al.  (1988).  There  was  general 
enthusiasm  for  the  release  of  several  additional  drifters  in  the  North  Brazil  Cur¬ 
rent  simultaneously  with  future  AMASSEDS  drifter  deployment  in  the  Amazon 
River  plume  so  that  concurrent  Lagrangian  measurements  can  be  made  on  both 
sides  of  the  Amazon  surface  salinity  front.  Future  AMASSEDS  drifter  releases 
are  planned  for  February  1990,  June  1990,  and  November  1991. 
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WESTERN  TROPICAL  ATLANTIC  STUDIES 


E.  Katz 

A  large  number  of  field  programs  concentrated  in  the  North  Brazil  Cur¬ 
rent  and  the  tropical  Atlantic  west  of  40°W  are  presently  taking  place  or  are 
scheduled  to  begin  early  in  1990.  These  include  the  following: 

1.  PAVASAS  II 

An  IOUSP  cruise  consisting  of  four  meridional  hydrographic  lines  be¬ 
tween  2°S  and  3°N  and  42°  to  44°W,  two  hydrographic  lines  normal 
to  the  coast  at  about  1°  and  2°N,  and  a  one-month  deployment  of 
a  tide  gauge  on  the  shelf  at  200  m  and  depth.  Scheduled  to  occur 
in  October  1989  is  a  repeat  of  a  cruise  made  in  July-Sept  1987,  and 
it  is  hoped  to  recur  in  the  boreal  fall  of  1990.  In  PAVASAS  I,  a 
35-day  tide  gauge  record  was  obtained  from  a  sea  mount  at  0°  14’N 
41°13’W. 

2.  Deep  Sea  Moorings 

Several  records  have  recently  been  obtained  by  the  STACS  Program  from 
over  the  Demarara  Rise.  A  cruise  completed  in  September  1989  de¬ 
ployed  six  new  moorings  (STACS  and  Kiel  University),  three  across 
the  NBC  meeting  the  shelf  near  the  equator,  and  a  second  set  of 
three  meeting  the  shelf  at  about  4°N.  These  are  scheduled  to  be 
recovered  in  September  1990  with  a  possible  redeployment  for  a  sec¬ 
ond  year.  A  seventh  mooring  (Kiel)  may  be  deployed  at  7°N  44°W 
in  1990.  Three  moorings  across  the  NBC  off  Cayenne  are  planned  by 
ORSTOM  (France). 

3.  Pegasus  Array  (and  Hydrography) 

Twenty-four  Pegasus  sides  are  planned  by  University  of  Miami  and  Uni¬ 
versity  of  New  Hampshire  in  an  array  bounded  by  44°W  and  the 
coast,  20°N  and  the  equator.  Cruises  are  scheduled  for  Jan/Feb, 
1990,  Aug/Sept,  1990,  April/May,  1991,  and  probably  January,  1992. 
In  September  1990,  six  additional  sides  may  be  established  by  Kiel 
University.  ORSTOM  is  planning  seven  sites  straddling  the  equator 
on  the  normal  to  Cayenne.  (Beacons  were  deployed  for  five  sites  in 
September,  1989.) 

4.  Inverted  Echo  Sounders 

An  array  of  ten  sounders  are  planned  by  LDGO.  A  line  of  four  sounders 
along  44°  W  and  a  line  of  three  across  the  NBC  to  2000m  depth  at  2°N 
will  be  deployed  in  November,  1989.  A  second  line  across  the  NBC  at 
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6°N  (off  Cayenne)  will  be  deployed  in  the  spring  of  1990.  These  are 
scheduled  for  recovery  in  the  spring  of  1991,  with  a  possible  extension 
into  1992. 


Recomendations 

The  major  need  discussed  in  this  area  was  that  of  (a)  coordination  of  the  field 
work  coming  from  so  many  different  institutions  (and  four  countries);  and  (b) 
early  exposure  of  preliminary  data  results  to  assist  one  another  in  interpretation, 
and  eventually  synthesis,  of  the  data  sets.  This  is  equally  true  with  respect  to 
the  AMASSEDS  physical  oceanographic  data.  Thus,  it  is  recommended  that 
the  U.S.  participants  will  seek  funding  for  travel  of  all  principal  investigators  to 
a  series  of  ad  hoc  scientific  coordination  meetings.  It  is  felt  essential  to  have  the 
first  meeting  in  January  1990,  given  the  already  initiated  field  activity,  and  to 
continue  with  semi-annual  meetings  for  at  least  two,  possibly  three  years. 


BRAZIL-U.S.  COLLABORATION 
IN  SPACE-BASED  REMOTE  SENSING  OF  THE  OCEAN 

F.  Muller-Karger 
Collaborating  Institutions: 

Brazil 

•  Space  Research  Institute  of  Brazil  (INPE) 

•  Oceanographic  Institute  of  the  University  of  Sao  Paulo  (IOUSP) 

U.S. 

•  Department  of  Marine  Science  of  the  University  of  South  Florida 
(USF/MSL) 

•  Woods  Hole  Oceanographic  Institution  (WHOI) 

•  University  of  Miami’s  Rosenstiel  School  of  Marine  and  Atmospheric 
Sciences  (UM/RSMAS) 

•  University  of  South  Carolina  Belle  Baruch  Institute  (USC) 
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Collaborating  Scientists: 
Brazil 


•  J.  Lorenzzetti  (INPE) 

•  M.  Vianna  (INPE) 

•  R.  Herz  (IOUSP) 

•  L.B.  de  Miranda  (IOUSP) 

U.S. 

•  F.  Muller- Karger  (USF/MSL) 

•  R.  Beardsley  (WHOI) 

•  W.  Geyer  (WHOI) 

•  K.  Carder  (USF/MSL) 

•  B.  Kjerfve  (USC) 

•  R.V.  Legeckis  (NOAA/NESDIS) 


Outline  of  Collaboration  Program 

A  joint  project  on  space-borne  remote  sensing,  with  airborne  and  ship-based 
support,  will  be  established  between  the  Space  Research  Institute  of  Brazil 
(INPE),  the  Oceanographic  Institute  of  the  University  of  Sao  Paulo  (IOUSP) 

Miami’S  Rx>SeastieI  Sch°o1  °f  Marine  and  Atmospheric  Sciences 
(UM/RSMAS),  the  Department  of  Marine  Science  of  the  University  of  South 
Florida  (USF/MSL),  and  Woods  Hole  Oceanographic  Institution  (WHOI).  The 
goal  of  this  collaboration  effort  is  to  improve  understanding  of  the  processes  con¬ 
trolling  water  motion  and  sediment  transport/deposition  in  coastal  and  oceanic 
environments  of  the  subtropical  and  equatorial  coasts  of  Brazil,  over  small  scales 
(meters)  to  synoptic  scales  (thousands  of  kilometers),  and  over  time  scales  of 
days  to  years. 

The  above  institutions  will  exchange  satellite  databases  covering  the  coast 
of  Brazil  and  the  tropical  and  southern  Atlantic  Ocean.  Sharing  of  data  anal¬ 
ysis  tools  for  derivation  of  geophysical  parameters  (e.g.,  pigment  or  sediment 
concentration,  sea  surface  temperature,  etc.)  will  be  part  of  this  agreement. 

Collaboration  involving  the  following  satellite  sensors  was  found  important 
for  oceanographic  studies  off  Brazil: 


1.  Coastal  Zone  Color  Scanner  (CZCS-NIMBUS  7)  satellite  data: 

USF/MSL  was  designated  by  NASA  as  an  archive  site  for  the  global 
CZCS  data  set.  USF/MSL,  IOUSP,  and  INPE  will  establish  a  program 
whereby  the  data  set  covering  Brazil  will  be  transferred  to  build  a  regional 
archive  at  the  INPE  site.  A  letter  of  intent  is  to  be  written  to  Marlon 
Lewis,  program  manager  in  Oceanic  Productivity,  NASA  Headquarters, 
Washington,  DC  (USA)  describing  the  data  exchange.  This  formal  pro¬ 
cedure  is  necessary  to  ensure  smooth  transmittal  of  the  satellite  data. 
The  exchange  includes  student  training  in  the  use  of  analysis  tools  and 
application  of  the  data  at  USF/MSL  and  UM/RSMAS. 

Analysis  of  the  CZCS  data  set  will  support  other  collaborative  programs 
developed  during  the  Brazil-U.S.  collaborative  effort  in  physical  oceanog¬ 
raphy  and  ongoing  programs  studying  the  coastal/offshore  environment  of 
Brazil. 

2.  Advanced  Very  High  Resolution  Radiometer  (AVHRR)  and  Thematic 
Mapper  (TM)  satellite  data: 

INPE  has  data  receiving  capabilities  for  NOAA- AVHRR,  NOAA-GOES, 
and  LANDSAT  Thematic  Mapper.  Algorithms  for  remapping  the  AVHRR 
data  need  to  be  developed,  and  this  will  be  done  in  collaboration  with 
USF/MSL  and  UM/RSMAS.  These  data  will  then  be  used  for  analysis  of 
the  sediment  plume  exiting  the  Amazon  delta  as  well  as  the  sea  surface 
temperature  patterns  of  waters  along  the  entire  Brazilian  coast. 

The  TM  has  a  high  spatial  resolution  (30  m)  which  will  provide  small- 
scale  feature  information  in  support  of  field  programs  in  the  Amazon  delta 
and  other  shelf  and  coastal  regions.  In  particular,  the  TM  data  will  be  used 
to  understand  processes  of  sediment  dispersal  in  this  region  in  support  of 
the  AMASSEDS  and  TOPSUB  programs.  Processing  of  these  images  will 
proceed  at  IOUSP,  University  of  South  Carolina,  and  University  of  South 
Florida. 

The  use  of  near-infrared  AVHRR  data  and  LANDSAT  Thematic  Map¬ 
per  data  in  support  of  the  1989-1991  field  components  of  the  NSF-funded 
AMASSEDS  program  (A  Multidisciplinary  Amazon  Shelf  Sediment  Study) 
was  proposed  to  NSF  recently  by  investigators  of  NOAA/NESDIS  (R.  Leg- 
eckis),  the  University  of  South  Carolina  (B.J.  Kjerfve),  and  IOUSP  (R. 
Herz  and  L.B.  de  Miranda).  This  additional  component  of  AMASSEDS 
would  focus  on  sediment  distribution  off  the  Amazon  delta. 
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During  the  Second  Brazil-U.S.  workshop  on  Physical  Oceanography, 
it  became  clear  that  areas  of  interest  include  the  Amazon  delta  region, 
the  region  of  bifurcation  of  the  South  Equatorial  Current,  toe  coast 
of  south  Brazil  (South  Brazil  Bight-SBB).  The  Brazil-U-S-  collaborative 
agreement  includes  these  areas  in  a  comprehensive  remote  sensing  s  u  y 
of  the  coasts  of  Brazil. 

.  Airborne  scanner  validation  of  space-borne  sensor  data: 

This  project,  described  in  detail  in  the  discussion  titled  “Brazil 
laboration  in  Airborne  Remote  Sensing  of  the  Ocean,”  bel°w>  ma  e 
use  of  a  small  airborne  spectral  imager  to  map  oceanic  features  an  reso  ve 
their  optical  characteristics.  The  goal  is  to  use  this  information  combined 
with  biological  (pigment  concentration),  geological  (sediment  concentra¬ 
tion  and  composition),  and  optical  oceanographic  data  to  understan  t  e 
bio-optical  characteristics  of  the  patterns  observed  in  Coastal  one  o  or 
Scanner  data.  Additional  benefits  are  detection  of  mesoscale  features,  an 
guidance  for  planning  the  station  layout  of  oceanographic  cruises. 

Two  instruments  are  being  evaluated  for  use  in  this  project. 

•  The  Compact  Airborne  Spectral  Imager  (CASI),  built  in  Canada  and 
operated  by  Borstad  Associates  (Canada); 

•  The  Calibrated  Airborne  Multispectral  Scanner  (CAMS),  built  in 
the  U.S.  by  NASA,  and  operated  by  Richard  Miller  at  Stenms  Space 
Flight  Center  (NASA). 

When  this  information  is  combined  with  in  situ  data,  flow  patterns,  mix¬ 
ing,  resuspension,  and  sediment  transport  processes  will  become  apparent. 
Also,  it  will  be  possible  to  test  hypotheses  about  the  Amazon  Rlv®r  p  ume 
and  its  interaction  with  the  North  Brazil  Current  (NBC)-  The  dispersal 
of  suspended  sediment,  phyto  plankton  pigments,  and  dissolve  organic 
material  (yellow  substances),  traced  from  space  and  aircraft,  Tna>ys>  so  e 
used  as  tracers  to  map  the  NBC  retroflection  and  the  transput  °  azon 
water  into  the  North  Equatorial  Countercurrent. 

As  detailed  in  the  discussion  of  airborne  remote  sensing  (below), 
USF/MSL,  and  IOUSP  will  collaborate  in  the  overflights  of  t  e  mazon 
delta  region,  the  adjacent  continental  shelf,  the  coast  off  northeast  Brazil, 
and  the  Cabo  Frio  up  welling  region.  IN  PE  has  agreed  to  cover  aircra  t 
and  fuel  costs  for  this  study.  INPE  will  provide  an  INPE  aircraft’  or  Wl11 
work  in  collaboration  with  branches  of  the  Brazilian  military  to  procure 
the  necessary  aircraft  time. 

An  official  statement  from  INPE  stating  the  availability  of  aircraft 
time/fuel  is  needed  to  include  in  formal  proposals  to  funding  agencies. 
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+°  “  compone^t  address  ground  truth  validation  of  the 

sensor  a  a-  Pace  on  ships  studying  these  areas  of  interest  has  been 
ma  e  aval  a  e  rough  other  components  of  the  Brazil-U.S.  cooperative 
agreement  on  physical  oceanography. 


4.  Microwave  remote  sensing  studies: 

.  S  CaiPiab!lltf  *n  Thorne  microwave  radiometry,  once  established 

in  1990,  could  also  be  applied  in  support  of  the  above  programs. 


BRAZIL-U.S.  COLLABORATION 
IN  AIRBORNE  REMOTE  SENSING  OF  THE  OCEAN 


F.  Muller-Karger 

Collaborating  Institutions: 

Brazil 


•  Space  Research  Institute  of  Brazil  (INPE) 

•  Oceanographic  Institute  of  the  University  of  Sao  Paulo  (IOUSP) 

U.S. 


•  (USF/MSL)  ^arme  ^c‘ence  the  University  of  South  Florida 

•  Woods  Hole  Oceanographic  Institution  (WHOI) 

University  of  Miami  s  Rosenstiel  School  of  Marine  and  Atmospheric 
Sciences  (UM/RSMAS) 

.  University  of  California,  Santa  Barbara  (UCSB) 

•  National  Aeronautics  and  Space  Administration,  Science  and  Tech¬ 
nology  Laboratory  (NASA/STL,  Mississippi) 

Collaborating  Scientists: 


Brazil 

•  J.  Lorenzzetti  (INPE) 

•  M.  Vianna  (INPE) 

•  R.  Herz  (IOUSP) 

•  L.B.  de  Miranda  (IOUSP) 
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u.s. 


•  F.  Muller-Karger  (USF/MSL) 

•  R.  Beardsley  (WHOI) 

•  W.  Geyer  (WHOI) 

•  K.  Carder  (USF/MSL) 

•  R.  C.  Smith  (UCSB) 

•  R.  Miller  (NASA/STL) 

Outline  of  Collaboration  Program 

A  joint  project  on  airborne  remote  sensing,  with  ship-based  and  satellite  sup¬ 
port,  will  be  established  between  the  Space  Research  Institute  of  Brazil  (INPE), 
the  Oceanographic  Institute  of  the  University  of  Sao  Paulo  (IOUSP),  the  De¬ 
partment  of  Marine  Science  of  the  University  of  South  Florida  (USF/MSL), 
Woods  Hole  Oceanographic  Institution(WHOI),  the  University  of  Miami’s  Rosen- 
stiel  School  of  Marine  and  Atmospheric  Sciences  (UM/RSMAS),  and  NASA/STL. 

The  goal  of  this  collaborative  effort  is  to  understand  and  validate  patterns 
observed  in  Coastal  Zone  Color  Scanner  images  of  the  coast,  shelf,  and  offshore 
waters  surrounding  Brazil.  The  airborne  scanner  will  provide  detailed  spectral 
and  spatial  information  on  the  optical  constituents  affecting  the  color  of  these 
waters.  Ground  truth  will  be  provided  by  ships  working  off  the  Amazon  delta,  in 
the  region  of  the  retroflection  of  the  North  Brazil  Current,  and  other  areas  where 
ongoing  oceanographic  studies  established  under  the  charter  of  the  Brazil-U.S. 
collaborative  agreement  are  underway.  This  information  will  be  examined  in  the 
context  of  the  larger  spatial  coverage  provided  by  satellite  sensors.  The  proposed 
collaborative  satellite  data  analyses  are  outlined  in  a  separate  paragraph  of  this 
agreement. 

The  combined  airborne,  ship,  and  satellite  information  will  help  determine 
the  relative  importance  of  phytoplankton  pigment,  dissolved  organic  matter, 
and  sediment  concentration  in  modifying  the  color  of  the  water  in  areas  where 
the  circulation  is  poorly  understood.  This  information,  in  turn,  is  important 
to  understanding  of  the  processes  controlling  water  motion  and  sediment  trans¬ 
port/deposition  in  the  coastal  and  oceanic  environments  off  Brazil.  Eventually, 
a  monitoring  program  should  be  instituted  to  establish  a  long  time  series  of  ob¬ 
servations  which  will  resolve  large-scale  changes  associated  with  possible  global 
climate  change. 

Two  airborne  scanners  are  available  that  meet  the  specifications  for  carrying 
out  the  research  outlined  here.  It  will  be  necessary  to  establish  the  exact  budgets 
and  times  of  availability  for  the  operation  off  Brazil.  The  instruments  are: 

1.  Compact  Airborne  Spectrographic  Imager  (CASI) 

This  is  a  Canadian  instrument,  manufactured  by  MONITEQ,  Ltd.,  and 
operated  by  Borstad  Associates  (Gary  Borstad,  president).  The  CASI  is 
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for  operation  of  the  airborne  scanner  *  ^  U'S*'Bf“J  Srantll»g  agencies 


altimeter-derived  sea  level  studies 

J.  Carton 

lantic  conducted  at  (c“f“!h"Jgbou* lb't'°pi“l  Al_ 

ological  Observatory  (Kata)  L  be^ 

P  T  a  “a,ly  ,eM  «•  1"  «  5”  resolution  between 

SlErtr  ^  ,tady  h"‘h0"n  "“**  the  altimerSJS" 

geostrophic  v.To“t“cb»gr,"\Ve"lip  oi^15^?'  "“°“l  kvel  “d 

^fdd?dT«t?tolNPEeACbgTofT'  b'  T  «  ™‘'“abi™“P'“.0kvd 

meat  of  alt, mete,  «.  level  data  procS,lg“f  B,«,l<‘  ^  *°  d'V'lop- 

.h,llo™,Tau  S  cf  tT ,''driVed  ~  d*U  “  ”*« 

will  be  !rad J  tob^”“J “  P“,li°°'"g  °f  mstrum“"  »'°”S  satellite  track. 


BRAZIL-U.S.  Jottvi't* 

N  t  modelling  studies 
M>  Vianna  and  j.  Carton 

Collaboration  on  model  devej0 

ocean  circulation  within  areas  Qf  cPment  and  application  to  predict  and  explaii 

i  r  ..  .  .  cu  |fp.  ,  rrent  bilateral  interest  was  agreed  upon. 

1.  Continental  Shelf  Circular 

lat»on  Modelling 

•  Application  and  testing  f 

and  wind-driven  circulate  GXlstin«  models  to  determine  tide-driver 
ing  the  Amazon  outfl0w  *  OVer  the  northeast  Brazilian  shelf,  includ- 

of  INPE,  in  support  0f  theA'i^To  implemented  by  J.  Lorenzzetti 
laboration  between  iMpg  ^  «  SSEDS  411(1  TopSub  projects.  Col- 
Beardsley,  has  been  agreed  Woods  H°fe,  under  the  direction  of  R. 

•  M.  Vianna  and  P.  Holyor 

a  boundary  element  nioST  ^,NPE^  have  be«un  development  of 
of  the  model  will  f0cvis  lor  shelf  circulation.  First  applications 
shelf,  in  support  of  the  aam  ®  north-northeast  Brazilian  continental 

•  Other  collaboration  b  etwee  Pr°^ec*8' 

especially  on  the  u8e  of  hTeh”  INiPE  a“d  Woods  Hole  is  envisioned, 
play  software.  8  -resolution  graphics  and  workstation  dis-’ 

2.  Tropical  Ocean  Circulation 

•  Although  at  the  ft  •, 

bilateral  modelling  study  r„ar^U  S-  WorkshoP  in  New  Hampshire  a 
workshop  only  INPE  tenon  T  W“  SUggested  38  feasible,  at  the  1989 
element  model.  Efforts  b  w  °n  mitlaI  results,  using  the  boundary 
explain  the  genesis  of  the  NErr  ^  and.R  Holvorcem  of  INPE  to 

•  General  circulation  modeir  retroflection  is  continuing, 
tinuing  at  University  oA*^  f  UdJles  of  the  tropical  Atlantic  are  con- 
Fluid  Dynamics  Laboratory  IrU  Carton)  and  the  Geophysical 
used  solves  the  primitive  L  *•*  Fhllander)-  The  numerical  model 
1°  x  i  and  a  vertical  resohi  A*0113*  with  a  horiz°ntal  resolution  of 
predicts  three-dimensi0nai  t  n  of  10  m  uear-surface.  The  model 
in  response  to  atmospheric  foTctn^^^’  Salinity’  and  vector  velocity 

•  At  the  University  of  Ma  . 

the  seasonal  cycle  of  freshet  aStUdy  *S  being  ProPosed  to  examine 
ocean.  An  important  aspect  storage’  and  transport  in  the 

impact  of  Amazon  and  Orin  °*  thlS  pro-*ect  wiU  be  to  examine  the 
the  open  ocean.  0co  runoff  on  near-surface  processes  in 

•  A  second  project  is  bejn_  , 

Carton)  to  examine  the  relA  ,?ed  at  University  of  Maryland  (J. 

lonship  between  seasonal  changes  in  the 
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selll  JT  Current  and  the  North  Equatorial  Countercurrent,  and 

Tn  analt  oTth  “  This  latter  Pro^  include 

Hon  r  h  f  h  near'coastal  circulation  based  on  data  assimila¬ 
tion  techniques,  using  temperature,  salinity,  and  eventually  current 
observations  to  constrain  the  numerical  simulation. 

Sm'ri6—  and  Holvorcem-  and  U.S.  investigators 

from  NOAA  University  of  Miami,  University  of  South  Florida,  and 
University  of  Maryland,  will  be  implemented 


FUTURE  (LONG-TERM)  COLLABORATIONS: 

brazil/u.s.  collaborative  studies  of  the  brazil 

CURRENT 


Y.  Ikeda,  W.  Johns,  K.  Leaman,  A.  Mascarenhas 

Interests  in  long-term  studies  of  the  Brazil  Current  along  the  South  Brazilian 
lght  were  expressed  by  both  Brazilian  and  U  S  scientific  Tk 
identified  where  the  establishment  of  long-term  (two  to  thretTvearf' °“  T" 
mg  actions  involving  a.  use  of  moored  fnstTm^ion  edTd"' 

important.  The  observations  along  any  one  section  would  ideally  consist  of 

The  first  two  section  locations  are  near  23°S  and  qi  «q  TOu0  *  '  ,. 

observations  and  to  obtain  .^^0^1  d^ripUon  of  “JerteS'sEiT 

«roU  «,“T>  V"iab“,of,lle  Bta2il  “  a—  locations.  Re! 

Tol  n^r  thi  olo  ?  r  ,  “,"tin»"1*1  sb'lf  “d  alope  off  Cabo  de  Sio 
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The  third  section  discussed  was  near  27°  S,  where  Brazilian  scientists  have 
proposed  a  combined  mooring/hydrography /Pegasus  effort  as  part  of  the  in¬ 
ternational  WOCE  program.  German  (FRG)  scientists  have  also  proposed  a 
WOCE  contibution  to  the  moored  current  meter  observations  along  this  sec¬ 
tion,  and  are  actively  collaborating  with  Brazilian  scientists  in  planning  this 
program.  Significant  participation  by  U.S.  scientists  in  this  section  is  not  antic¬ 
ipated  at  this  time,  although  due  to  strong  mutual  interests  it  was  agreed  that 
contacts  would  be  closely  maintained  as  the  WOCE  plans  evolve,  to  evaluate 
whether  a  U.S.  contribution  here  would  be  beneficial. 


SHORT-TERM  COOPERATION 
NEEDED  FOR  UNIVERSIDADE  DO  RIO  GRANDE  (FURG) 

O.  Muller 

1.  Tri-dimensional  modeling  for  salt  dispersion  at  the  estuarine  zone  of  Patos 
Lagoon. 

2.  Plans  for  the  near  future,  which  could  also  involve  bilateral  cooperation, 
include  continental  shelf  circulation  studies  between  28°S  and  34°S. 

•  Cruises  (FURG) 

•  Moorings  (FURG) 

•  Remote  sensing  (Coop) 

•  Modeling  (Coop) 

3.  FURG  could  offer: 

•  People  prepared  for  satellite  imagery  interpretation  (LANDSAT,  CZCS); 

•  Shiptime  for  any  cruise  of  special  interest  in  the  above-mentioned 
area; 

•  30°S  tide  gauge  (mainly  related  to  WOCE  plans). 
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TECHNOLOGY  TRANSFER 
R.  Boneto 

1.  Introduction 

Brazilian  technical  infrastructure  in  physical  oceanography  was  reviewed 
as  part  of  the  Second  Brazil/U.S.  Workshop  on  Physical  Oceanography. 
Two  Brazilian  oceanographic  instrumentation  laboratories  showed  capa¬ 
bilities  to  offer  support  to  the  projects  to  be  developed  under  the  U.S.- 
Brazil  Cooperation  Program: 

•  Instrumentation  Laboratory  of  Instituto  Oceanografico  da  Universi- 
dade  de  Sao  Paulo  (IOUSP) 

•  Instrumentation  Laboratory  of  Instituto  de  Pesquisas  Espaciais  (INPE) 

Existing  strengths  and  related  problems  were  discussed,  and  a  summary 
is  presented  below. 

2.  Existing  Strengths 

The  laboratories  at  IOUSP  and  INPE  have  been  involved  with  oceano¬ 
graphic  instrumentation  for  several  years  and  can  offer  support  in  develop¬ 
ment,  calibration,  maintenance  and  operation  of  instruments  during  field 
work. 

The  main  development  projects  carried  on  recently  have  been: 

•  meteorological-oceanographic  buoys  with  satellite  telemetry  and  re¬ 
lated  test  and  support  equipment; 

•  data  acquisition  systems  for  severed  oceanographic  instruments; 

•  acoustic  and  timed  releases; 

•  buoys  for  signalizing  and  positioning; 

•  shallow  water  current  meters. 

A  calibration  facility  is  being  established  at  IOUSP  and  should  start 
work  next  year. 

Both  groups  have  experience  in  maintenance  of  oceanographic  instru¬ 
ments.  Also,  they  have  experience  in  deployment  and  recovery  of  some 
kinds  of  instruments  as  well  as  operation  of  onboard  systems. 

3.  Problem  Areas 

Several  problem  areas  were  identified  during  the  discussion: 

•  lack  of  locally  available  specialized  sensors  (pressure,  temperature, 
conductivity,  acoustic  transducers,  etc.)  and  unacceptably  long  lead- 
time  needed  to  buy  such  sensors  abroad; 
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•  lack  of  standards  and  facilities  for  calibration  of  instruments; 

•  difficulty  in  accessing  technical  reports  and  related  information; 

•  personnel  training,  exchange  and  expansion. 

4.  Recommendations 

(a)  Equipment 

•  A  way  should  be  found  to  accelerate  the  process  of  importing 
specialized  parts,  when  not  available  locally,  so  as  to  reduce  in¬ 
strument  development  time. 

•  Brazilian  industries  should  be  encouraged  to  develop  specialized 
sensors  and  parts. 

•  As  part  of  a  joint  research  project,  the  investigators  involved 
should  be  able  to  share  equipment,  support  and  other  resources 
on  an  equal  basis.  This  might  involve,  for  example,  the  inte¬ 
gration  of  a  measurement  system  with  components  produced  in 
both  the  USA  and  Brazil. 

(b)  Calibration 

•  Instruments  should  be  sent  to  calibration  facilities  in  the  USA 
until  it  is  possible  to  do  the  necessary  calibration  locally. 

(c)  Access  to  Technical  Literature 

It  is  important  to: 

•  identify  the  most  important  sources  of  technical  information  and 
have  them  available  to  Brazilian  laboratories  (e.g.,  Journal  of 
Atmospheric  and  Oceanic  Technology ); 

•  establish  contact  with  U.S.  companies  for  better  exchange  of  in¬ 
formation  on  current  development  of  products. 

(d)  Personnel  Training,  Exchange  and  Expansion 

The  main  areas  of  interest  are: 

•  calibration  technology; 

•  sensor  development; 

•  mooring  technology; 

•  data  acquisition  systems; 

•  telemetry  (radio,  satellite  and  acoustic). 

The  reciprocal  training  of  personnel  should  be  facilitated  by  means 
of: 

•  short  information  visits; 

•  cruises  (to  gain  operational  experience); 

•  applications  training  courses  (two  weeks  to  two  months); 
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•  longer-term  schooling  (one  year  or  more). 

It  is  extremely  important  to  facilitate  the  exchange  of  technical/engineering 
personnel  m  the  same  manner  as  is  now  done  with  scientific  personnel. 

Due  to  the  great  amount  of  work  involved  in  the  activities  of  several  projects 
planned  to  be  earned  out  in  the  near  future,  it  is  strongly  recommended  that 
the  Brazilian  technical  staff  be  increased. 
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APPENDIX  A. 

LIST  OF  REGISTRANTS 


Robert  Beardsley  (WHOI,  U.S.) 

Reinaldo  F.  Boneto  (IOUSP,  Brazil) 

Wendell  Brown  (UNH,  U.S.) 

John  Bruce  (NORDA,  U.S.) 

Alexandre  P.  Cabral  (INPE,  Brazil) 

Edmo  Campos  (RSMAS/UM,  U.S.) 

James  Carton  (UMD,  U.S.) 

Pedro  R.  de  Carvalho  (INPE,  Brazil) 

Wladimir  R.  Esposito  (IOUSP,  Brazil) 

Belmiro  Mendes  de  Castro  Filho  (IOUSP,  Brazil) 
Manuel  Fiadeiro  (NCAR,  U.S.) 

Wayne  Geyer  (WHOI,  U.S.) 

Renato  Herz  (IOUSP,  Brazil) 

Paulo  R.C.  Holvorcem  (INPE,  Brazil) 

Joseph  Harari  (IOUSP,  Brazil) 

William  Johns  (RSMAS/UM,  U.S.) 

Eli  Joel  Katz  (LDGO,  U.S.) 

Kevin  Leaman  (RSMAS/UM,  U.S.) 

Joao  Antonio  Lorenzzetti  (INPE,  Brazil) 

Affonso  da  S.  Mascarenhas,  Jr.  (IOUSP,  Brazil) 
Afranio  R.  de  Mesquita  (IOUSP,  Brazil) 

Luiz  Bruner  de  Miranda  (IOUSP,  Brazil) 

Osmar  Muller  (FURG,  Brazil) 

Frank  Muller-Karger  (USF,  U.S.) 

Luiz  Vianna  Nonato  (IOUSP,  Brazil) 

Ulf  Palme  (INPE,  Brazil) 

Claudio  Solano  Pereira  (INPE,  Brazil) 

Olga  T.  Sato  (IOUSP,  Brazil) 

Carlos  L.  da  Silva,  Jr.  (INPE,  Brazil) 

Reynaldo  Solewicz  (INPE,  Brazil) 

Jose  Luiz  Stech  (INPE,  Brazil) 

Marcio  L.  Vianna  (INPE,  Brazil) 
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FURG- 
INPE  - 
IOUSP  - 

LDGO  - 

NCAR  - 
NORDA - 

RSMAS/UM  - 

UMD  - 
UNH- 
USF  - 
WHOI  - 


Federal  Universidade  do  Rio  Grande 
Instituto  de  Pesquisas  Espaciais 
Instituto  Oceanografico,  Universidade  de  Sao 
Paulo 

Lamont  Doherty  Geological  Observatory, 
Columbia  University 

National  Center  for  Atmospheric  Research 
Naval  Oceanographic  Research  and 
Development  Activity 

Rosensteil  School  of  Marine  and  Atmospheric 
Science,  University  of  Miami 
University  of  Maryland 
University  of  New  Hampshire 
University  of  South  Florida 
Woods  Hole  Oceanographic  Institution 
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APPENDIX  B. 


WORKSHOP  SCHEDULE 
Monday,  September  18,  1989 

09:00-10:00  h:  Registration 

10:00-10:30  h:  Opening  Section  -  Prof.  Dr.  Antonio  Guimaraes  Ferri 
10:30-10:45  h:  Administrative  announcements 
10:45-11:00  h:  Coffee  break 

11:00-11:20  h:  Designation  of  the  chairmen  of  the  sections 


Participant  Talks  (Section  I) 


11:20-11:40  h:  Hydrographic  observations  in  the  Amazon  outflow,  August  1989 

-  Richard  Limeburner  and  Robert  Beardsley  (WHOI) 
11:40-12:00  h:  Oceanic  tides 

-  Afranio  R.  de  Mesquita  and  Joseph  Harari  (IOUSP) 
12:00-14:00  h:  Lunch 


Participant  Talks  (Section  II) 


14:00-14:20  h:  Mixing  in  the  Amazon  plume:  Some  early  results  of 

AMASSEDS 

-  Wayne  Geyer  (WHOI) 

14:20-14:40  h:  On  the  variability  of  the  mean  sea  level  on  coastal  areas 

-  Joseph  Harari  and  Afranio  R.  de  Mesquita  (IOUSP) 
14:40-15:00  h:  Near  equatorial  eddies  off  South  America 

*  John  G.  Bruce  (NORDA) 

15:00-15:20  h:  Coffee  break 

15:20-15:40  h:  Sandstream  on  the  northeast  Brazilian  shelf 

-  Marcio  L.  Vianna,  Reynaldo  Solewicz  and  Alexandre  P.  Cabral 
(INPE) 


15:40-16:00  h:  Satellite  observations  of  the  NBC  retroflection  and  Amazon  wa¬ 
ter  dispersal 

-  Frank  E.  Muller-Karger  (USF) 

16:00-16:20  h:  TOPSUB  -  A  multidisciplinary  study  of  the  shaping  of  the  sea 
floor  by  ocean  currents  and  the  impact  of  topographic  interac¬ 
tions  on  circulation  over  the  N-NE  Brazilian  continental  shelf 

-  Marcio  L.  Vianna  (INPE) 

16:20-16:40  h:  Coffee  break 

16:40-17:00  h:  The  equatorial  Atlantic  circulation  according  to  the  CME 

-  Manuel  Fiadeiro  (NCAR) 
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17:00-17:20  h: 

17:20-17:40  h: 
17:40-18:00  h: 

18:00-18:20  h: 


The  Rio  Grande  do  Sul  coastal  zone-projects,  results ,  and  per¬ 
spectives 

-  Osmar  Muller  (FURG) 

The  structure  of  currents  in  the  western  tropical  Atlantic  Ocean 

-  Wendell  S.  Brown  (UNH) 

Low  frequency  variability  and  wave  scattering  off  abrupt  topog¬ 
raphy:  Implications  for  western  boundary  currents 

-  Kevin  Leaman  (RSMAS/UM) 

Applications  of  the  inverted  echo  sounder  deployed  in  the  west¬ 
ern  equatorial  Atlantic 

-  Eli  Joel  Katz  (LDGO) 


Tuesday,  September  19,  1989 


Participant  Talks  (Section  III) 


09:00-09:20  h: 

09:20-09:40  h: 
09:40-10:00  h: 

10:00-10:20  h: 
10:20-10:40  h: 

10:40-11:00  h: 
11:00-11:20  h: 

11:20-11:40  h: 

11:40-12:00  h: 
12:00-12:20  h: 


A  model  comparison  of  winter  circulation  dynamics  of  the  SAB 
(USA)  and  SBB  (Brazil) 

-  Joao  Antonio  Lorenzzetti  and  Jose  Luiz  Stech  (INPE) 
Subtidal  variability  on  the  south  Brazil  Bight 

-  Belmiro  Mendes  de  Castro  Filho  (IOUSP) 

Hydrography  and  volume  transport  on  the  eastern  Brazilian 
coast 

-  Luiz  Bruner  de  Miranda  (IOUSP) 

Boundary  element  approach  to  ocean  circulation  modeling 

-  Marcio  L.  Vianna  and  Paulo  R.C.  Holvorcem  (INPE) 
Estimates  of  the  zonal  slope  and  seasonal  transport  of  the  At¬ 
lantic  North  Equatorial  Countercurrent 

-  James  Carton  (UMD)  and  Eli  Joel  Katz  (LDGO) 

Coffee  break 

Numerical  simulation  of  a  response  of  an  oceanic  front  to  a 
mesoscale  atmospheric  forcing 

-  Claudio  Solano  Pereira  (INPE)  and  Alfonso  da  S.  Mascarenhas, 
Jr.  (IOUSP) 

A  low-cost,  low-power  data  acquisition  system 

-  Reinaldo  F.  Boneto,  Luiz  Vianna  Nonato  and  Wladimir  R. 
Esposito  (IOUSP) 

Is  the  Sverdrup  relation  valid  in  the  South  Atlantic? 

-  Aifonso  da  S.  Mascarenhas,  Jr.  and  Olga  T.  Sato  (IOUSP) 
Buoy-based  met- ocean  data  acquisition  system  development  at 
INPE 

-  Pedro  R.  de  Carvalho,  Merritt  R.  Stevenson  and  Carlos  L.  da 
Silva,  Jr.  (INPE) 
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12:20—14:20  h:  Lunch 


Participant  Talks  (Section  IV) 

14.20-14.40  h:  Towards  a  capability  of  mapping  sea  surface  parameter  fields 
by  airborne  microwave  radiometers 

-  Ulf  Palme  (INPE) 

14:40-15:00  h:  Variability  of  the  North  Brazil  Current  and  North  Equatorial 
Countercurrent  off  French  Guiana:  1987-1988 

-  William  E.  Johns  (RSMAS/UM) 

15:00-15:20  h:  Reflection  of  equatorial  waves  from  oceanic  boundaries  of  arbi¬ 
trary  shape 

-  Paulo  R.C.  Holvorcem  (INPE) 

15:20-15:40  h:  Stationary  Rossby  waves  in  western  boundary  current  exten- 
sions 

-  Edmo  Campos,  D.  Olson  and  D.  Boudra  (RSMAS/UM) 
15:40-16:00  h:  Coffee  break 

16.00-16:20  h:  Dispersion  processes  of  the  suspended  material  transported  by 

Barra  Norte  coastal  water-Amazon  River 

-  Renato  Herz  (IOUSP) 

16:20-18:00  h:  Issues  raised  during  the  sections  from  the  point  of  view  of  the 
Brazilian  and  U.S.  convenors.  Selection  of  the  working  areas 
or  subjects,  and  selection  of  a  coordinator  for  each  one. 

Wednesday,  September  20,  1989  (Provisional  schedule) 


Morning  Session 


09:00-12:00  h:  Small  group  meetings 
12:00-14:00  h:  Lunch 


Afternoon  Session 

14:00-18:00  h:  Preliminary  plans  for  cooperative  research.  Written  reports. 
Thursday,  September  21,  1989 
Morning  Session 
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09.00-10.00  h:  Plenary  session-discussion  of  the  plans  and  issues  raised  during 
the  small  group  meetings 

10:00-12:00  h:  First  draft  of  a  document  discussing  strategies,  research  plans, 
and  cooperation 
12:00-14:00  h:  Lunch 


Afternoon  Session 
14:00-16:00  h:  Final  discussions 

16:00-18:00  h:  Closure  section-Prof.  Antonio  Guimaraes  Ferri 

18:00  h:  Reception  offered  by  the  director  of  IOUSP  in  the  Faculty  Club 

Friday,  September  22,  1989 


09:00  h:  Trip  to  INPE  leaving  from  Lorena  Suite  Service 


APPENDIX  C. 

PARTICIPANT  ADDRESS  LIST 

Brazilian  Participants: 

Reinaldo  Fernandes  Boneto,  Institute  Oceanografico,  Universidade  de  Sao 
Paulo,  Praca  do  Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao 
Paulo,  S.P.  -  CEP  05508  -  Brasil;  Telephone:  (Oil)  813-3222  ext.  2386' 
Telemail:  IOUSP.PO 

Alexandre  P.  Cabral,  Institute  de  Pesquisas  Espaciais,  Avenida  dos  Astro- 
nautas,  1758,  C.P.  515,  Jardim  da  Granja,  Sao  Jose  dos  Campos,  Sao 
Paulo  -  CEP  12201  -  Brasil;  Telephone:  (0123)  22-9977  ext.  557-  Tele¬ 
mail:  INPE.MET 

Pedro  R.  de  Carvalho,  Instituto  de  Pesquisas  Espaciais,  Avenida  dos  As- 
tronautas,  1758,  C.P.  515,  Jardim  da  Granja,  Sao  Jose  dos  Campos,  Sao 
Paulo  -  CEP  12201  -  Brasil;  Telephone:  (0123)  22-9977  ext.  380;  Telemail- 
INPE.MET 

Belmiro  Mendes  de  Castro  Filho,  Instituto  Oceanografico,  Universidade  de 
Sao  Paulo,  Praca  do  Oceanografico,  191,  Cidade  Universitaria  -  Butanta, 
Sao  Paulo,  S.P.  -  CEP  05508  -  Brasil;  Telephone:  (Oil)  813-3222  ext' 
2387;  Telemail:  IOUSP.PO 

Wladunir  R.  Esposito,  Instituto  Oceanografico,  Universidade  de  Sao  Paulo, 
Praca  do  Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao  Paulo,’ 
S.P.  -  CEP  05508  -  Brasil;  Telephone:  (011)  813-3222  ext.  2386;  Telemail’ 
IOUSP.PO 

Renato  Herz,  Instituto  Oceanografico,  Universidade  de  Sao  Paulo,  Praca  do 
Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao  Paulo,  S.P.  -  CEP 
05508  -  Brasil;  Telephone:  (Oil)  813-3222  ext.  2378;  Telemail:  IOUSP.PO 

Paulo  R.C.  Holvorcem,  Instituto  de  Pesquisas  Espaciais,  Avenida  dos  As- 
tronautas,  1758,  C.P.  515,  Sao  Jose  dos  Campos,  Sao  Paulo  -  CEP  12201 
-  Brasil;  Telephone:  (0123)  22-9977  ext.  557;  Telemail:  INPE.MET 

Joseph  Harari,  Instituto  Oceanografico,  Universidade  de  Sao  Paulo,  Praca  do 
Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao  Paulo,  S.P.  -  CEP 
05508  -  Brasil;  Telephone:  (Oil)  813-3222  ext.  2387;  Telemail:  IOUSP.PO 

Yoshimine  Ikeda,  Instituto  Oceanografico,  Universidade  de  Sao  Paulo,  P.O. 
Box  9075,  Praca  do  Oceanografico,  191,  Cidade  Universitaria  -  Butanta 
Sao  Paulo,  S.P.  -  CEP  05508,  Brasil;  Telephone:  (011)  813-  3222  ext’ 
2363;  Telemail:  IOUSP.PO 
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Joao  Antonio  Lorenzzetti,  Instituto  de  Pesquisas  Espaciais,  Avenida  dos 
Astronautas,  1758,  C.P.  515,  Jardim  da  Granja,  Sao  Jose  dos  Campos, 
Sao  Paulo  -  CEP  12201  -  Brasil;  Telephone:  (0123)  22-9977  ext.  290; 
Telemail:  INPE.MET 

Affonso  da  Silveira  Mascarenhas,  Jr.,  Instituto  Oceanografico,  Universi- 
dade  de  Sao  Paulo,  Praca  do  Oceanografico,  191,  Cidade  Universitaria- 
Butanta,  Sao  Paulo,  S.P.  -  CEP  05508-  Brasil;  Telephone:  (Oil)  813-3222 
ext.  2328;  Telemail:  IOUSP.PO 

Afranio  Rubems  de  Mesquite*  Instituto  Oceanografico,  Universidade  de  Sao 
Paulo,  Praca  do  Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao 
Paulo,  S.P.  -  CEP  05508,  Brasil;  Telephone:  (Oil)  813-3222  ext.  2327; 
Telemail:  IOUSP.PO 

Luiz  Bruner  de  Miranda  Instituto  Oceanografico,  Universidade  de  Sao  Paulo, 
Praca  do  Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao  Paulo, 
S.P.  -  CEP  05508  -  Brasil;  Telephone:  (011)  813-  3222  ext.  2328;  Telemail: 
IOUSP.PO 

Sadako  Y.  Miyao  (M.Sc.)>  Instituto  Oceanografico,  Universidade  de  Sao  Paulo, 
Praca  do  Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao  Paulo, 
S.P.  -  CEP  05508  -  Brasil;  Telephone:  (011)  813-  3222  ext.  2387;  Telemail: 
IOUSP.PO 

Osmar  Muller,  Laboratorio  Oceanografia  Fisica,  Universidade  do  Rio  Grande, 
C.P.  474,  96.200  -  Grande  -  RS,  Brasil;  Telephone:  (0532)  32-87-11 
ext.  70,  31 

Luiz  Vianna  Nonato,  Instituto  Oceanografico,  Universidade  de  Sao  Paulo, 
Praca  do  Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao  Paulo, 
S.P.  -  CEP  05508  -  Brasil;  Telephone:  (Oil)  813-  3222  ext.  2386;  Telemail: 
IOUSP.PO 

Ulf  Palme,  Instituto  de  Pesquisas  Espaciais,  Avenida  dos  Astronautas,  1758, 
C.P.  515,  Jardim  da  Granja,  Sao  Jose  dos  Campos,  Sao  Paulo  -  CEP  12201 
-  Brasil;  Telephone:  (0123)  22-9977  ext.  393;  Telemail:  INPE.MET 

Claudio  Solano  Pereira,  Instituto  de  Pesquisas  Espaciais,  Avenida  dos  As¬ 
tronautas,  1758,  C.P-  515,  Jardim  da  Granja,  Sao  Jose  dos  Campos,  Sao 
Paulo  -  CEP  12201-  Brasil;  Telephone:  (0123)  22-9977  ext.  506;  Telemail: 
INPE.MET 

Nuno  Pereira  Filho  (M*Sc.),  Instituto  Oceanografico,  Universidade  de  Sao 
Paulo,  Praca  do  Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao 
Paulo,  S.P.  -  CEP  05508  -  Brasil;  Telephone:  (011)  813-  3222  ext.  2328; 
Telemail:  IOUSP.PO 
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Olga  T.  Sato,  Instituto  Oceanografico,  Universidade  de  Sao  Paulo,  Praca  do 
Oceanografico,  191,  Cidade  Universitaria  -  Butanta,  Sao  Paulo,  S.P.  -  CEP 
05508  -  Brasil;  Telephone:  (Oil)  813-3222;  Telemail:  IOUSP.PO 

Carlos  L.  da  Silva,  Jr.,  Instituto  de  Pesquisas  Espaciais,  Avenida  dos  As- 
tronautas,  1758,  C.P.  515,  Jardim  da  Granja,  Sao  Jose  dos  Campos,  Sao 
Paulo  -  CEP  12201  -  Brasil;  Telephone:  (0123)  22-9977  ext.  380;  Telemail: 
INPE.MET 

Reynaldo  Solewicz,  Rua  Senador  Vergueiro,  128/1004,  Flamengo- CEP  22230 
-  Rio  de  Janeiro,  RJ  -  Brasil;  Telephone:  (021)  225-0038 

Jose  Luiz  Stech,  Instituto  de  Pesquisas  Espaciais,  Avenida  dos  Astronautas, 
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